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Repeater Transmitter 


Notes: (1) Module connectors as seen from 
+8V bottom of module PCB, in pin order 
(2) Add jumpers on controller board: 
U14/4-P1/8 and U14/5-P1/4 
(3) Supply +12V through transmitters 
Change controller RO to 4.7K 
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PIN 16 94 

PIN 17 PLDE LOW 
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PIN 24 VCC 

NODE 1 ALLFF 

EQUATIONS 
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The RF Concepts RFC 8-RC Repeater Controller represents a different 
approach to repeater control. The RFC 8-RC was designed with emphasis 
placed on being a very flexible and powerful workhorse instead of 
providing fancy ’Bells and Whistles’. The result is a control system that 
can be expanded to handle all the requirements of large, multiple-site, 
interconnected systems as well as the simple repeater. The operation of 
the RFC 8-RC is straight forward and totally transparent to the everyday 
user. 


The RFC 8-RC Repeater Controller provides all functions required for 
standard repeater operation. In addition, facilities are provided for a 
control receiver, link system, multiple remote bases, 8 auxiliary on/off 
outputs, CTCSS decoder input, and an alarm input to signal conditions such 
as power failure or open door. 


All command codes are remotely programmable as are the various timers, 
tone pitches, and the ID message. All data is stored in non-volatile 
EEPROM so battery backup is not required to maintain operating parameters 
in case of power failure. All commands to the controller are verified with 
a CW message. The controller may be used as a basic repeater control 
system or may be the heart of a super system with a multi-channel link, 
multiple synthesized remote bases and autopatch with the addition of 
various optional accessories. 


To allow for different applications the RFC 8-RC provides two 
different system operating modes. Both modes include ten user programmable 
operating modes and two different configurations for the link channel as 
well as simplex or duplex link operation. The link/remote base 
cross-connect may be switched on and off or the link/remote base may be 
setup to operate to control a remote autopatch. 


SYSTEM MODE 1. The auxiliary output port is used for direct on/off 
control of up to eight external functions. In this mode there are no 
facilities for an autopatch or changing link or remote base frequencies. 


SYSTEM MODE 2. The RFC 8-RC provides support for the RFC 8-AP 
Autopatch, RFC 8-RP Remote Autopatch Interface, up to eight RFC 8-RB 
Remote Base Interfaces, RFC 8-LI Link Interface Board, RFC 8-AX Auxiliary 
Expansion, and the RFC 8-PK Packet Interface which allows control via 
packet with installation of an external TNC and transceiver. When using 
SYSTEM MODE 2 the RFC 8-RC provides ten memory channels to store 
information for a synthesized remote base. Each memory channel contains 
the remote base #, frequency, offset and sub-audible tone, if any. 


The repeater, link, and remote base receiver inputs are arranged in a 
priority scheme that allows each input to be repeated out the other two. 
If a signal arrives on an input with a higher priority than the one 
currently active, the signal with the higher priority takes precedence. 
This allows signals from the remote base to be relayed to distant users on 
the link channel and distant users to communicate with others on either 
the repeater or remote base via the link channel. The highest priority is 


given to the repeater receiver and the lowest to the remote base receiver. 


~ 


Listed below are options that will be available: 


The RFC 8-AP will provide a complete autopatch including the ability 
to control the RFC 8-RC via the telephone line as well as reverse 


@avtopatch capability. The RFC 8-AP regenerates all DTMF tones and has an 


A 


aad 


autodial memory that will hold 100 different telephone numbers as well as 
a last number redial feature. An activity timer which may be switched on 
or off and a method to restrict calls to the local calling area are also 
provided. The RFC 8-AP also contains the circuitry to decode the 8 Aux 
Outputs and the Channel Select Outputs for the link radio. 


The RFC 8-RP provides the interface circuitry to allow transparent and 
automated access to an autopatch not located at the repeater site. 


The RFC 8-RB Remote Base Interface contains circuitry to interface the 
RFC 8-RC to many different types of synthesized transceivers. It also 
contains a remotely programmable CTCSS encoder. The RFC 8-RB may be used 
for control of equipment connected to either the link or remote base port 
of the RFC 8-RC. 


The RFC 8-AX Auxiliary Expansion Interface increases the number of 
auxiliary on/off outputs from eight to forty. It allows each group of 
eight outputs to configured with a single command and twc eight bit ports 
may be configured to drive external CTCSS encoder/decoders. 


The RFC 8-PK packet interface provides a communications link between 
the RFC 8-RC controller and an external TNC. This will allow control of 
the RFC 8-RC via a packet radio link. 


The RFC 8-SI Serial Interface can be used to decode either the Link 
Channels or the Aux Outputs. 


SPECIFICATIONS 


Seats Input Level -10 dbm at 3 KHz Deviation (.25v RMS) 
~ Input Impedance Greater than 50K ohms 
Audio Output Level -10 dbm for 3 KHz Deviation (.25v RMS) 
cos Inputs CMOS Buffered - Active Low 
Alarm Input TTL - Active Low 
CTCSS Decoder Input CMOS Buffered - Active High 
PTT Outputs Open-collector Transistor - Active Low 


will sink 30 VDC at 100 mA 


Aux/Expansion Port Eight bits - Open collector/Active Low 
Hang Delay Timers Programmable from .05 to 4.0 Seconds 
Time-out Timers Programmable from .5 to 3.0 Minutes 
Tone Frequencies Programmable from 400 to 3000 Hz 
CW Speed Programmable from 10 to 30 WPM 
® User Programmed Operating Modes Ten | 
~ inks One (Up to eight channels with RFC 8-AP 
or RFC 8-SI) 
Remote Bases One (Up to eight with RFC 8-RB) 
Microprocessor. 8085A (1.6 MHZ) 
Memory 16384 Bytes ROM 
8192 Bytes NOVRAM 
256 Bytes RAM 
Power Requirements 5 Volts D.C. at less than 300 mA 
Size 4.5 X 6.5 Inches 
Connector 36/72 Pin X .100 Spacing 
ss : 


REPEATER INSTALLATION 


In addition to power, four other connections are required for basic 
@erccte: operation. Two signals from the repeater receiver and two from 
“he repeater transmitter. 


POWER SUPPLY ~= 


The RFC 8-RC requires a power supply of 5 volts DC (+/-.25V) at 300 
mA. This may be obtained from the repeater or a separate supply. The RFC 
8-RC has several terminals for power and ground. These should be connected 
together ONLY at the power supply to prevent digital noise from appearing 
on the audio line. 


DIerTaL +5 


AUDIO GND py 
DIGITAL GNo Les See 


cos (Carrier-Operated-Switch) 


> This is a signal from the repeater receiver that indicates there is a 

™;ignal present. This signal is present in most receivers designed for 

“yepeater service. If your receiver does not have a COS output you will 
have to provide one. The place to look is at the noise detector part of 
the squelch circuit or at the audio switch. The RFC 8-RC requires a COS 
signal that goes to ground when the receiver is active. This may be an 
open collector type output, preferred, or a logic type output. If this 
output has any voltage present during receiver inactivity a diode will be 
required for isolation as shown in the example below. 


BS ome 


PTT (Push-to-Talk) 


This signal is an output from the RFC 8-RC to turn on the repeater 
transmitter. The RFC 8-RC controller provides a solid-state closure to 


ee This output can sink up to 100 mA when on and withstand 30 volts 


' TO REPEATER 
RECEIVER 


4 


C when off. If your transmitter has different requirements than those 
above the PTT output can be used to drive a relay to switch the 
transmitter on and off. If your transmitter is switched by a relay be sure 
to install a diode across the relay coil to prevent damage to the driver 
transistor. 


REPEATER 
PTT RELAY 
TO REPEATER ‘ 
a oe ee TRANSMITTER PTT ipa alee 
Nie jn ' @3 
edi CIF REQUIRED? 


RECEIVER AUDIO 


Audio needs to be supplied by the repeater receiver to the RFC 8-RC 
controller. This audio should be de-emphasized and after the squelch gate. 
The level required by the controller is -10 dbm (.25v RMS) with a 3 KHz 
deviated signal into the receiver. The input circuitry is capacitive 
coupled with an impedance greater than 50K ohms so there should not be any 
problem with loading. 


TRANSMITTER AUDIO 


The RFC 8-RC supplies all audio to the repeater, link. and remote 
base transmitters. The output level is -10 dbm (.25v RMS) to produce 3 
KHz of deviation. The output of the controller board is low impedance and 
capacitive coupled. If your transmitter requires more @rive you will have 
to install an amplifier of some kind. You may use the microphone input but 
it may be necessary to install an attenuator to prevent overdriving the 
speech amplifier. After the repeater installation is complete, adjust R15 
on the RFC 8-RC board for the desired tone level (ID’s. etc.). 

The TX AUDIO OUTPUT is muted when the Command Tones are sent. The AUX 
AUDIO OUTPUT is not muted and can be used to pass DTMF tones through link 
interconnects or for control of a remote autopatch. However, it may need 
an external amplifier. 
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CTCSS DECODER 


The RFC 8=-RC provides an input for a CTCSS Decoder. 
P< this input is used, it needs to be held low (ground) when the proper 
CSS tone is not present. When the tone is present, the decoder output 
needs to switch to either a high impedance condition ee er 
output) or to +5 volts (TTL/CMOS logic output). 
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OPERATION 
COMMANDING THE CONTROLLER 


D Commands for the RFC 8-RC are divided into three. groups. These groups 
are arranged to provide different levels of security-for your control 
codes. The first group is the Setup Command Group. These are the commands 
for programming the timers, command prefixes, ID message, etc.. 

The second group is the Control Operator Command Group. These are the 
commands to select operating modes and to enable or disable operating 
parameters. 

The third group is the User Command Group. These include functioning 
the Link, Remote Base, Auxiliary Functions, Autopatch, etc.. 


The Control Operator and User Commands all have the same format. 
PREFIX CODE followed by a COMMAND CODE 
XXXX - XXXXX 
1 to 4 digits - 1 to 5 digits 


Commands may be entered through the repeater or control receiver. When 
the control receiver COS is active, control will not be allowed through 
the repeater receiver. Commands entered through the repeater receiver will 
be acknowledged in CW. Commands entered through the control receiver port 
will not be acknowledged unless enabled by the Auxiliary Control Command. 
Activation of the control receiver will erase any commands being entered 

D on the repeater receiver. The RFC 8-RC normally evaluates tone entries 
upon squelch closure. However, you may force evaluation by ending your 
command string with the "#" . This will cause immediate command evaluation 
and will not generate a CW response unless the Auxiliary Control function 
is enabled. 


There are several other conditions concerning command entry. Once you 
begin entering a command you must complete it within 15 seconds. The only 
exception is when programming the ID message. When programming the Command 
Prefixes you must begin entering the new prefix within 10 seconds after 
entering the "Set Prefix" commands or you will have to start over. 


SYSTEM DEFAULTS 
The RFC 8-RC comes with a series of default (preset) Prefixes, 


Functions, and Tones. These defaults are listed on page B-1. Any or all of 
these defaults may be changed using the Setup procedure. 
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TIME-OUT TIMER oa ae 


This timer is used to turn the system off in the event a steady signal 

7 remains on any of the system inputs excluding the control receiver. The 

© @zime-out timer may be enabled or disabled separately for the repeater, 
link, or remote base inputs. If the courtesy tone is enabled, the time-out 
timer will reset on the tone otherwise it is reset when the input signal 
disappears or the controller switches to a different-receiver input. When 
a time-out is ready to occur a warning tone will be transmitted on the 
active transmitters to warn listeners of the impending time-out. If a 
time-out occurs, the time-out timer will reset when the input signal 
disappears for 1/2 second. The duration of this timer is programmable from 
30 sec. to 3 min. in 30 second increments. 


ID’er 


The RFC 8-RC is set to ID every 6 minutes. The first ID is sent at the 
end of the first transmission. If there is continued activity the ID will 
be sent at the end of the first transmission after the 6 minute interval 
has expired. If this transmission lasts beyond 6 minutes, to 9 minutes, 
the repeater will "Time Out" and identify. 

If there is no activity the ID’er resets and an ID will not occur 
until the end of the next transmission. 


COURTESY TONE 


r the squelch closes. A different tone pitch may be selected for the 
< repeater, link, and remote base inputs to signal users which receiver the 
signal came through. The time-out timer is reset on the beep. If the 
courtesy tone system is disabled the time-out timer will reset immediately 
on squelch closure or if the controller switches to a different receiver 
input. There will be no courtesy tone if the hang time for that particular 
receiver is set to less than 1.5 second. 


& When the courtesy tone system is enabled, a beep will be sent 600 ms 
(@ afte 


PRIVACY TONE 


When this mode is enabled a pulsing tone will be generated while 
commands are being entered through the repeater receiver. This provides 
for security of your control codes and a pleasant tone that will not 
bother listeners. 


KERCHUNK AND NOISE FILTERING 
The kerchunk filter will immediately drop the transmitter upon squelch 
closure on any transmissions less than 500 ms in length. Also provided is 


a delayed PTT which filters against noise pulses on the COS inputs. The 
PTT lines will not be activated until a signal has been present for 60 ms. 
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T-P (Touch-Pad) ACCESS 


When the T-P ACCESS mode is activated the user must send a turn-on 


“@ code from a Touch-Tone(*) pad to active the Repeater. The Repeater will 


then operate in a normal manner. When activity stops, the repeater will 
reset to T-P ACCESS. The time it takes to reset is adjustable. 


* "Touch-Tone" is a registered trademark of A.T. and T.. 


ACCESS (Carrier or CTCSS tone) 


The RFC 8-RC has four access modes. One is “carrier access". The 
other three require an input from the CTCSS tone decoder in the receiver. 
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> SETUP COMMANDS 


Before any of the following SET UP COMMANDS can be used, you must 


<>. enter your unique nine digit unlock code. The RFC 8-RC will respond in CW 


™ 


<< .@with "OK" and remain unlocked for 60 seconds. If no Setup Commands are 


entered for a period exceeding 60 seconds the RFC 8-RC will relock itself. 
After entry of any of the following commands the Setup Timer will be reset 
for another 60 seconds. See page A-1 for a summary of the commands. 


UNLOCK CODE 


Note: This code is unique to your controller and is not used on any 
other controller. 


ID PROGRAMMING: (Default CALL/R) 


To program your ID message enter ’*8090’, wait for the acknowledgment 
"ID OK" then enter the two-digit codes for the characters in the message. 
DO NOT enter the ’/R’. This will be added automatically. If you entered a 
valid sequence the RFC 8-RC will read the new ID message back to you in 
CW. 


CHARACTER CODES: 0 = 00 9 = 09 I = 18 R = 27 
1 = 01 A = 10 J = 19 S = 28 
27 =e B= 11 K = 20 T = 29 
303 C= 12 L = 21 U = 30 
4 = 04 D= 13 M = 22 Vise 
5 = 05 E = 14 N = 23 W = 32 
6 = 06 F = 15 O = 24 X = 33 
7 = 07 G = 16 P = 25 Y = 34 
8 = 08 H = 17 Q = 26 Z= 35 
SETTING TONES: 
Fe TONE CHART: 0 = 400 Hz id Bie ria: 64 
1 = 500 Hz 6 = 1530 Hz 
2= 625 Hz wee yO TO, iz 
3 = 780 Hz 8 = 2375 Hz 
4 = 975 Hz 9 = 2980 Hz 
ID’er TONE (Default 1225 Hz) 


To set the pitch of the ID’er enter ’*4560x’ where ‘x’ = 0-9 for the 
desired tone from the Tone Chart. The RFC 8-RC will respond in CW with 
eLULaOKa s 


REPEATER COURTESY TONE (Default 625 Hz) 
To set the pitch of the repeater courtesy tone enter ’*4561x’ where 


‘x’ = 0-9 for the desired tone from the Tone Chart. The RFC 8-RC will 
respond in CW with "CT1 OK". 
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LINK COURTESY TONE (Default 780 Hz) eo 


To set the pitch of the link courtesy tone enter ’*4562x’ where ‘x’ = 
0-9 for the desired tone from the Tone Chart. The RFC 8-RC will respond in 
CW with "CT2 OK". a 


REMOTE BASE COURTESY TONE (Default 975 Hz) 


To set the pitch of the remote base courtesy tone enter '*4563x’ where 
‘x’ = 0-9 for the desired tone from the Tone Chart. The RFC 8-RC will 
respond in CW with "CT3 OK". 


COMMAND ACKNOWLEDGMENT TONE (Default 1910 Hz) 

To set the pitch of the acknowledgment tone enter ’*4564x’ where ‘x’ = 
0-9 for the desired tone frequency from the Tone Chart. The RFC 8-RC will 
respond in CW with "ACK OK". 
PRIVACY TONE (Default 400 Hz) 

To set the pitch of the privacy tone enter ’*4565x’ where ’x’ = 0-9 


for the desired tone from the Tone Chart. The RFC 8-RC will respond in CW 
with "PT OK". 


SETTING HANG TIMES: 


HANG TIME CHART: . 0 = .05 Sec - 5 = 2.0 Sec 
1= .25 Sec 6 = 2.5 Sec 
2= .50 Sec 7 = 3.0 Sec 
3 = 1.00 Sec 8 = 3.5 Sec 
4 = 1.50 Sec 9 = 4.0 Sec 


(NOTE: Hang times shorter than 1.5 second will not 
generate a courtesy tone.) 


REPEATER HANG TIME (Default 1.5 sec.) 


To set the repeater hang time enter ’*7410x’ where ‘x’ = 0-9 for the 
desired delay time from the Hang Time Chart. The RFC 8-RC will respond in 
CW with "HT OK". 


LINK HANG TIME (Default 1.5 sec.) 
To set the link hang time enter ’*7411x’ where ‘x’ = 0-9 for the 


desired delay time from the Hang Time Chart. The RFC 8-RC will respond in 
CW with "LT OK". 
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REMOTE BASE HANG TIME (Default 1.5 sec.) 


To set the remote base hang time enter ’*7412x’ where ’x’ = 0-9 for 
_-~. the desired delay time from the Hang Time Chart. The RFC 8-RC will respond 
(\. @in cw with "RT OK". ts 


SETTING TIME-OUT TIMERS: 


TIME-OUT CHART: o = .5 Min 3 = 2.0 Min 
1 = 1.0 Min 4 = 2.5 Min 
2 = 1.5 Min 5 = 3.0 Min 
TIME-OUT TIMER (Default 3 min.) 


This command is used to set the length of the time-out timer. To set 
this timer enter ’*7413x’ where ’x’ = 0-5 for the desired time from the 
Time-out Chart. The RFC 8-RC will respond in CW with "TO OK". 


T-P (Touch Pad) ACCESS TIME-OUT TIMER (Default 1 min.) 


This command is used to set the length of time the repeater will 
remain enabled without activity when the T-P Access Mode is enabled. To 
set this timer enter ’*7414x’ where ‘x’ = 0-5 for the desired time from 
the Time-out Chart. The RFC 8-RC will respond in CW with "ATO OK". 


AUTOPATCH ACTIVITY TIMER (Default 1 min.) 
To set the timer enter ’*7415x’ where ’x’ = 0-5 for the desired time 


from the Time-out Chart. The RFC 8-RC will respond in CW with "APTO OK". 
This command affects both the on-site and remote autopatch. 


SETTING CW SPEEDS: 


e— 


SPEED CHART: O = 10 WPM 3 = 25 WPM 
1 = 15 WPM 4 = 30 WPM 
2 = 20 WPM 


ID SPEED (Default 20 WPM) 


To set the ID speed enter ’*7416x’ where ‘x’ = 0-4 for the desired 
speed from the Speed Chart. The RFC 8-RC will respond in CW with "IS OK". 


(NOTE: ID’s are limited to 20 WPM. See FCC Rules Part 97.84.) 


COMMAND ACKNOWLEDGMENT SPEED (Default 20 WPM) 

Ca To set the speed of the command acknowledgments enter ’*7417x’ where 
’y’ = 0-4 for the desired speed from the Speed Chart. The RFC 8-RC will 
respond in CW with "AS OK". ; 
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LINK TIMING (Default Simplex) 


This command selects the timing parameters for a simplex or duplex 
link channel. For simplex operation enter ‘*74180’. For duplex operation 
nter ’*74181’. The controller will respond in CW with “LNK". 


ID TIMING (Default-No delay) 


This command is used to delay the ID by 10 seconds when the system is 
connected to another repeater via the link or remote base channels. The 
purpose of this is to prevent both repeaters from identifying 
simultaneously when first keyed up. For normal operation enter ’*74190’. 
For delayed operation enter ’*74191’. The controller will respond with 
"TDI os ms 


COMMAND PREFIXES 


To set the command prefixes enter the code for the desired prefix, 
unkey, wait for acknowledgment, then enter the new prefix. Prefixes must 
be from one to four digits in length and must NOT contain the sequence 
‘AC’ nor may they contain the ’#’ except as the first digit. If the new. 
prefix is not entered within ten seconds you will have to start over. 

Be sure you don’t duplicate prefixes. 


CODE RESPONSE PURPOSE DEFAULT 


“@ System MODE 1 Commands: 


\ . 
i is 


*40900 MID OK Set Manual ID Code 54 
*40901 RPT OK Set Repeater Command Prefix 2587 
*40902 LNK OK Set Link Command Prefix 321 
*40903 RMT OK Set Remote Base Command Prefix 654 
*40904 AUX OK Set Auxiliary Control Command Prefix 47 
*40905 COP OK Set Control Operator Command Prefix 852 
*40906 TP OK Set TT Access Command Prefix 55 
*40907 PS OK Set Preset Mode Prefix 08 


System MODE 2 Commands: 


*40908 PA OK Set Autopatch Access Code *841 
*40909 PD OK Set Autopatch Disconnect Code #8 
*40910 RPA OK Set Remote Autopatch Access Code *89 
*40911 RPD OK Set Remote Autopatch Disconnect Code #9 
*40912 AD OK Set Autopatch Autodial Prefix * 
*40913 OL OK Set Dialing Prefix - 
*40914 | CH OK Set Channel Select Prefix 82 
*40915 CK OK Set Remote Base Freq. Check Code 36 
*40916 RBF OK Set Remote Base Freq. Command Prefix 58 
*40917 MEM OK Set Memory Command Prefix 14 
*40918 ST OK Set CTCSS Prefix 21 
<@ *40919 RBS OK Set Remote Base Select Prefix 53 
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PRESET PARAMETERS 


You have the ability to setup three preset modes of operation. To load 
ram athe operating parameters for a particular operating mode, setup the 
\. /repeater, link, remote base, auxiliary outputs, timers, tone pitches, etc. 
the way you want for that mode and then enter ‘*489x’ where x = 0-9 for 
the desired mode to store the preset mode in memory. After the Presets are 
loaded, all you need do is enter one command to change the system 
configuration for a particular type of operation. i 
NOTE: Preset #0 is used by the Remote Autopatch System. 


SYSTEM OPERATING MODE (Default MODE 1) 


For MODE 1 operation of the RFC 8-RC enter ’*8101’. The controller 
will respond with "MD 1 OK". For Extended operation, MODE 2, with the 
optional accessory boards enter ‘’*8102’. The RFC 8-RC will respond with 
"MD 2 OK". When powered up, the RFC 8-RC normally checks for each optional 
accessory and selects the correct mode. 


NOTE: The following commands require the RFC 8-RC to be in MODE 2. 


NOTE: This command requires least one RFC 8-RB Remote Base Board. 
MEMORY SET - System MODE 2 


a This command is used to store the current remote base #, frequency, 
(. ¥ offset and sub-audible tone into one of the ten memory channels. To 
“program a channel enter /*963x’ where ’x’ = 0-9 for the desired channel. 

The current remote base #, frequency, offset and sub-audible tone, if any, 
will be stored in the desired memory channel. The RFC 8-RC will respond in 
CW with "M #" where ’#’ is the channel number (0-9). 


AUTODIAL NUMBERS - System MODE 2 
NOTE: These commands requires the presence of the RFC 8-AP Autopatch. 


To program the telephone numbers in the autodial memory, enter 
**586xx’ where ‘xx’ = 00 to 99 for the particular memory you wish to 
program. The controller will respond with "AD xx OK". After the 
acknowledgment enter the complete telephone number. If the number has been 
accepted the RFC 8-RC will respond with ‘dit-dit’. 


DIALING PREFIX - System MODE 2 


This command is used to enter a dialing prefix which is added to the 
beginning of all phone numbers entered manually or resident in the 
autodial memory. This feature is useful if your telephone line requires an 
entry to access an outside line. It will also allow four digit dialing if 

7 all phone numbers in your area contain the same prefix. To enter a dialing 
, 9% prefix, enter ’*40913’. The controller will respond with "OL OK". After 
‘the acknowledgment, enter the desired dialing prefix. If you do not wish 

to have a dialing prefix, enter ’*’ instead of a numerical prefix. 
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REMOTE AUTOPATCH 


The RFC 8-RC, with the addition of the RFC 8-RP, will automatically 
send the Access, Autodial, Redial, and Disconnect commands to a remote 


( _ pautopatch. To set the Remote Autopatch Access Code, as sent by the RFC 
CT 9 


aon 


vA 
I ! 


‘ F 
Suc- 


-RC, enter ’*40920’. After the acknowledge, “RAC OK", enter the access 
code. To set the Remote Autopatch Disconnect Code, as sent by the RFC 
8-RC, enter ’*40921’. After the acknowledge, "RDC OK",. enter the 
disconnect code. To set the Remote Autopatch Autodial Access Code, as sent 
by the RFC 8-RC, enter ’*40922’. After the message, "RAD OK", enter the 
required autodial prefix. NOTE: The same conditions concerning timing of 
these entries are the same as setting the command prefixes. 


LOCK CONTROLLER 


To lock the controller enter ‘’#*’. The RFC 8-RC will respond in CW 
(Sip ol Wed We Teg 8 . 


INITIALIZE 


This command should be used ONLY if the controller is not functioning 
properly. This command will erase all values in the EEPROM, including the 
ID call sign, and set them to the default values. To initialize the RFC 
8-RC, enter ’0’, your Unlock Code, and ’0’. Enter all 11 digits as one 
sequence. The RFC 8-RC will reload the EEPROM with the default values and 
restart itself. If the system has recovered the repeater should come on 
the air and ID. If this command does not solve the malfunction you more 


9 than likely have a hardware problen. 
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CONTROL OPERATOR COMMANDS’ -- 


— 


Cae Control Operator Commands are made up of the Control Operator Prefix 
YES 9 Fo110wed by a three digit code, except for the following three commands, 
Repeater Control, System Reset and Preset Mode commands. They have their 
own prefixes. Each Control Operator command is separately described below. 
See page A-4 for summary of commands. ae 


REPEATER CONTROL: (Default 2587) 
On/Off 


The system may be shut off by entering the Repeater Control Prefix 
followed by a ’0’. The RFC 8-RC will respond in CW with "OFF" and 
immediately shut down. To activate the system, enter the Repeater Control 
Prefix followed by a ’1’. The RFC 8-RC will respond in CW with "ON". 


CTCSS Tone Access 


To place the system in Tone Access, enter the Repeater Control Prefix 
followed by a ’2’. The RFC 8-RC will respond with "TS". 


DUPLEX CONTROL-LINK MODES (Carrier/Tone) 


These modes are identical to normal repeater operation except the 
oy repeater transmitter will be turned OFF when there is a signal present on 
~.-¥ the repeater receiver. This type of operation is used to prevent repeater 
~~ receiver audio from being repeated out the repeater transmitter or when 

the RFC 8-RC is used at the telephone line end of a remote autopatch link. 


Duplex Control-Link Carrier Access 


To enter this mode, with Carrier Access, enter the Repeater Control 
Prefix followed by a ‘3’. The RFC 8-RC will respond with "Dc". 


— 


Duplex Control-Link CTCSS Tone Access 


To use this mode, with Tone Access, enter the Repeater Control Prefix 
followed by a ’4’. The controller will respond with "Dc TS". 


SYSTEM RESET (Default AC) 


To force a hardware reset enter ‘’AC’. After a few seconds a hardware 
reset will occur. None of the previously programmed parameters will be 
lost 

NOTE: This requires the use of 16 button Touch-Pad. 
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NOTE: Control Operator Prefix Default is 852 


COURTESY TONE 


The courtesy tone system may be turned off by entering the Control 
Operator Prefix followed by ’000’. The RFC 8-RC will respond in CW with 
"CT OFF". To enable the courtesy tone system enter the Control Operator 
Prefix followed by ’001’. The RFC 8-RC will respond in CW with "CT ON". 


ALARM SYSTEM 


The Alarm System, when enabled, will send "A" immediately when the 
receiver squelch closes to signal an alarm condition. To disable the alarm 
enter the Control Operator Prefix followed by ’010’. The RFC 8-RC will 
respond in CW with "ARM OFF". To enable the alarm enter the Control 
Operator Prefix followed by ’011’. The RFC 8-RC will respond in CW with 
"ARM ON", 


PRIVACY TONE 


This command is used to turn the Privacy Tone off and on . To turn the 
tone off enter the Control Operator Prefix followed by ’020’. The RFC 8=-RC 
will respond in CW with "PT OFF". To turn on the Privacy Tone enter the 
Control Operator Prefix followed by ’021’. The RFC 8-RC will respond in CW 
with "PT ON". 


REPEATER TIME-OUT 


The repeater time-out timer may be enabled or disabled using this 
command. To disable the repeater time-out timer enter the Control Operator 
Prefix followed by ’030’. The RFC 8-RC will respond in CW with "RTO OFF". 
To enable the repeater time-out timer enter the Control Operator Prefix 
followed by ’031’. The RFC 8-RC will respond in CW with "RTO ON". 


LINK TIME-OUT 


The link time-out timer may be enabled or disabled using this command. 
To disable the link time-out timer enter the Control Operator Prefix 
followed by ‘040’. The RFC 8-RC will respond in CW with "LTO OFF". To 
enable the link time-out timer enter the Control Operator Prefix followed 
by '041’. The RFC 8-RC will respond in CW with "LTO ON". 


REMOTE BASE TIME-OUT 


The remote base time-out timer may be enabled or disabled using this 
command. To disable the remote base time-out timer enter the Control 
Operator Prefix followed by ’050’. The RFC 8-RC will respond in CW with 
"RBTO OFF". To enable the remote base time-out timer enter the Control 
Operator Prefix followed by ’051’. The RFC 8-RC will respond in CW with 
"RBTO ON". . : 
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TOUCH=PAD (T-P) ACCESS MODE 
This mode requires a user to enter a code from a Touch Pad to activate 

the system in repeater mode. The repeater will then operate in a normal 
~~) Manner, resetting after a period of inactivity. This mode may be used to 
Ss Oprevent unwanted signals from activating the system. To disable this mode 

enter the Control Operator Prefix followed by ’060’. The RFC 8-RC will 

respond in CW with "TP OFF". To enter this operating mode enter the 

Control Operator Prefix followed by ’061’. The RFC 8-RC will respond in CW 

with "TP ON". : 

NOTE: Only access through the repeater receiver is affected. 


IDENTIFIER 


This command is used to enable or disable the ID’er. To turn off the 
ID’er enter the Control Operator Prefix followed by ’070’. The RFC 8-RC 
will respond in CW with "ID 0". To enable the ID’er, repeater transmitter 
only, enter the Control Operator Prefix followed by ‘071’. The RFC 8-RC 
will respond in CW with "ID 1". To allow the ID’er to activate the link 
transmitter, if enabled, enter the Control Operator Prefix followed by 
‘072’. The RFC 8-RC will respond with "ID 2". To allow the ID’er to 
activate the remote base transmitter, if enabled, enter the Control 
Operator Prefix followed by ’073’. The controller will respond with 
"TID 3". To allow the ID’er to activate the link and remote base 
transmitters, if enabled, enter the Control Operator Prefix followed by 
074’. The RFC 8-RC will respond with "ID 4". 


9 USER COMMANDS 


> This command is used to enable or disable the User Commands. 
To disable the User Commands enter the Control Operator Prefix followed by 
080’. The RFC 8-RC will respond in CW with "USR OFF". To enable the User 
Commands enter the Control Operator Prefix followed by ’081’. The RFC 8-RC 
will respond in CW with "USR ON". : 


LINK. CONFIGURATION 


This command is used to select one of two configurations for the link 
channel. 

Option #1 will not allow the link and remote base to be 
cross-connected. The link and remote base will be accessible only through 
the repeater receiver. This option is selected by entering the Control 
Operator Prefix followed by ’090’. The controller will respond in CW with 
SCCeOFR Feu. 


Option #2 allows the link and remote base to be cross-connected. To 
select this option enter the Control Operator Prefix followed by ‘091’. 
The controller will respond in CW with "CC ON". 


NOTE: If the link or the remote base is connected to a repeater that has 
a hang time delay and both the link and remote base radios are 
® simplex, this mode is not recommended. 
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ACCESS (Carrier or CTCSS Tone) 


This command is used to select one of four access modes for commanding the 
controller. 


R28 access Mode #1 allows Carrier Access for all commands. Select this mode by 
entering the Control Operator Prefix followed by ‘101’. The RFC 8-RC will 
respond with "AM 1". ‘ 


NOTE:The following requires a CTCSS control signal from the repeater 
receiver. 


Access Mode #2 requires the presence of a CTCSS Tone in order to 
access any of the Setup Commands. Select this mode by entering the Control 
Operator Prefix followed by ’102’. The RFC 8-RC will respond with "AM 2". 


Access Mode #3 requires the presence of a CTCSS Tone in order to 
access any of the Setup or Control Operator Commands. To select this mode, 
enter the Control Operator Prefix followed by ‘103’. The controller will 
respond with "AM 3". 


Access Mode #4 requires the presence of a CTCSS Tone to access any of 
the commands. To select this mode, enter the Control Operator Prefix 
followed by ’104’. The RFC 8-RC will respond with "AM 4". 


LINK ACCESS 


i. 

(9 This command is used to set the Link Access to Carrier or CTCSS tone. 
For Carrier access to the link transmitter, enter the Control Operator 
Prefix Followed by ’110’. The RFC 8-RC will respond With DIALOFF.. (FOr 
CTCSS tone to access the link transmitter, enter the Control Operators 
Prefix followed by ’111’. The RFC 8-RC will respond with "LTA ON" 


REMOTE BASE ACCESS 

This command is used to set the Remote Base Access to Carrier or CTCSS 
tone. 
For Carrier access to the Remote Base transmitter, enter the Control 
Operator Prefix Followed by ’120’. The RFC 8-RC will respond with "RBTA 
OFF". For CTCSS tone to access the Remote Base transmitter, enter the 
Control Operators Prefix followed by ‘121’. The RFC 8-RC will respond 
with "RBTA ON" 


COMMAND ACKNOWLEDGE 


This command enables or disables the CW acknowledgments. When the 
acknowledgments are disabled the RFC 8-RC will send "Dit-Dit" in place of 
the normal CW message. To disable the CW messages enter the Control 
Operator Prefix followed by ’130’. The RFC 8-RC will respond in CW with 
-® "dit-dit". To enable the CW messages enter the Control Op prefix followed 
eS by ’/131’. The RFC 8-RC will respond in CW with "CW ON". 
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AUXILIARY CONTROL 

This command is used to allow the RFC 8-RC to activate the link and/or 
remote base transmitters during command acknowledgments when commands are 
being entered via the control receiver input. This is’useful when the 
system is being controlled via a link from a distant system. To disable 
this function, enter the Control Operator Prefix followed by ‘140’. The 
controller will respond with "AXK 0". To send acknowledgments out the link 
transmitter, enter the Control Operator Prefix followed by ‘141’. The RFC 
8-RC will respond with "AXK 1". To send acknowledgments out the remote 
base transmitter, enter the Control Operator Prefix followed by ‘142’. The 
RFC 8-RC will respond with "AXK 2". To send acknowledgments out the link 
and remote base transmitters, enter the Control Operator Prefix followed 
by '143’. The controller will respond with "AXK 3". 


NOTE: The following commands require the RFC 8-AP Autopatch. 
AUTOPATCH ENABLE - System MODE 2 


This command will enable or disable the User Autopatch Access. To 
disable access enter the Control Operator prefix followed by ’150’. The 
RFC 8-RC will respond in CW with "AP OFF". To allow access enter the 
Control Operator prefix followed by ‘151’. The RFC 8-RC will respond in CW 
with "AP ON". To allow access only when a CTCSS Tone is present, enter the 
Control Operator Prefix followed by ‘’152’. The RFC 8-RC will respond with 
"AP TA". 


‘NOTE: This command has no effect on the RFC 8-RP.° 


AUTOPATCH-CONTROL OP ACCESS - System MODE 2 


This command will allow the control operators to access the autopatch 
even if the patch is disabled. This command may also be used to check the 
telephone line for dial tone as it will not be heard at the beginning of 
normal autopatch operation. For access enter the Control Operator Prefix 
followed by '161’. The controller will respond with "OH" and connect to 
the phone line. To disconnect the patch, enter the Patch Disconnect Code. 
The RFC 8-RC will respond with "DN". 


NOTE: This command has no effect on the RFC 8-RP. 


AUTOPATCH ACTIVITY TIMER - System MODE 2 


This command is used to enable or disable the autopatch activity 
timer. To disable the timer enter the Control Operator Prefix followed by 
1170’. The RFC 8-RC will respond in CW with "APTO OFF". To enable the 
timer enter the Control Operator Prefix followed by ‘171’. The RFC 8-RC 
will respond in CW with "APTO ON". 


NOTE: This command affects both the RFC 8-AP and RFC 8-RP. 
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TOLL CALL - System MODE 2 een 


This command is used to restrict autopatch calls to the local calling 
_~ area. To restrict calls enter the Control Operator Prefix followed by 
Ke 180’. The RFC 8-RC will respond in CW with "TC OFF".:- To allow long 
distance dialing enter the Control Operator Prefix Sere Ts by ‘181’. The 
RFC 8=-RC will respond in CW with "TC ON". 


NOTE: This command has no affect on the RFC 8-RP. ‘ 


NOTE: The following commands require the presence of the RFC 8-AP 
or RFC 8-RP. 


PRIVATE PATCH - System MODE 2 


There are three different types of operation available for the 
autopatch. In normal operation, all audio from the repeater receiver will 
be passed on to the repeater transmitter. Select this mode by entering the 
Control Operator Prefix followed by ’190’. The RFC 8-RC will respond with 
"PP OFF". 

Private Patch Mode #1 inhibits all audio from the repeater receiver 
from being passed on to the repeater transmitter. Only audio from the 
telephone line will be heard over the repeater transmitter. Select this 
mode by entering the Control Operator Prefix followed by ‘191’. The 
controller will respond with "PP ON". 

Private Patch Mode #2 is the same as Mode #1 except that when the 
repeater receiver is active the DTMF Privacy Tone will be sent over the 
repeater transmitter. This mode is selected by entering the Control 
<= Operator Prefix followed by ‘192’. The RFC 8-RC will respond with "PPT 

ON". 


cia 


REMOTE AUTOPATCH 


This command is used to enable and disable access to a remote 
autopatch. To disable access, enter the Control Operator Prefix followed 
by ’200’. The controller will respond with "RP OFF". To allow access, 
enter the Control Operator Prefix followed by ’201’. The RFC 8-RC will 
respond with "RP ON". 
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.@ MANUAL ID (Default 54) 


USER COMMANDS a-tt: 


See page A-6 for summary of commands. 


{) 


You may manually trigger the ID’er by entering the Manual ID Command. 
This command will function even if the ID’er is disabled. 


T-P (Touch pad) REPEATER ACCESS (Default 55) 


When this mode is selected the repeater will not repeat until the T-P 
Access Command Prefix followed by a ‘1’ is entered. The RFC 8-RC will 
respond in CW with "UP". Normal repeater operation will take place until 
there is no activity for a predetermined time or a user takes the system 
down by entering the T-P Access Command Prefix followed by a ’0’. The RFC 
8-RC will respond in CW with "DN" and go off the air. Note that this 
feature only affects access through the repeater receiver. Signals coming 
in on the link or remote base receivers, if enabled, will still play out 
through the repeater transmitter. 


AUXILIARY OUTPUTS (Default 47) 


These outputs are available directly when operating in MODE 1. In MODE 
2 the use of these outputs requires the installation of an external 
decoder. to recover the encoded data. To set or reset the eight auxiliary 
functions enter the Auxiliary Control Prefix followed by the line # (1-8) 
and a ’0’ to turn off or a ‘1’ to turn on. The RFC 8-RC will respond in CW 
with "F" followed by the line #, and "OFF" or "ON", 

To check the status of these outputs enter the Auxiliary. Control 
Prefix followed by "0". The RFC 8-RC will respond in CW with a line number 
if that particular line is turned on. If all Aux Outputs are off, the RFC 
8-RC will respond with "0". 


PRESET MODES (Default 08) 


To select one of the ten Preset Operating Modes enter the Preset 
prefix followed by ’0-9’. The RFC 8-RC will respond in CW with "PS #" 
where "#" is the mode number and then configure the current operating 
parameters to the desired mode. 
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LINK FUNCTIONS (Default 321) 


There are five link commands. Each is preceded by the Link Command 
Prefix. The last digit may be a ’0’, ‘1’, ’2’, ’3’, or ‘4’. The ’0', 


ag ee 3210’, disables the link entirely and is acknowledged in CW with 


"INK OFF". The ‘1’, example ’3211’, enables only the link receiver so that 
you may monitor the link channel but not bother users on the other end. 
This command is acknowledged in CW with "LNK RX". The ‘2’, example /3212’, 
enables only the link transmitter. This command is useful for certain 
types of operation and testing a path. This command is acknowledged in CW 
with "LNK TX". The ’3’, example ’321’, enables both the receiver and 
transmitter of the link allowing conversations to be passed both ways. 
This command is acknowledged in CW with "LNK ON". The ’4’, example ‘3214’, 
will report on the status of the link. 

When the link transmitter is enabled, a two-tone beep will be heard to 
notify users the link transmitter is on. 


REMOTE BASE FUNCTIONS (Default 654) 


If operating in MODE 1 you are limited to a single frequency remote 
base. Commands are the same as the link but are preceded by the Remote 
Base Command Prefix and the CW response will contain "RMT" in place of 
w LNK" e : 
When the remote base transmitter is enabled, a two-tone beep will be 
heard to notify users the remote base transmitter is on. 
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AUTOPATCH ee 


AUTOPATCH - System MODE 2 Default: Access code *841 
Disconnect code #8 


To access the autopatch enter the Autopatch Access Code. If the patch 
is enabled the RFC 8-RC will respond in CW with "AP". After the controller 
sends "AP", enter the telephone number. When you unkey after entering the 
number, the RFC 8-RC will connect to the telephone line and redial the 
number with regenerated tones. You must begin dialing your number within 


ten seconds or the autopatch will disconnect. After you have dialed your 


number the autopatch timer will be set to the value programmed with the 
Setup Commands. This timer will reset each time you make a transmission. 
To shut off the autopatch enter the Autopatch Disconnect Code. The RFC 
8-RC will respond with "DN" and disconnect. 


REDIAL - System MODE 2 Default: Redial *841* 
Disconnect #8 


To redial the last number dialed on the autopatch, enter the Autopatch 
Access Code followed by ’*’. Enter this as one command. The RFC 8-RC will 
respond with "RD" and automatically dial the number. Disconnecting when 
the call is completed is the same as normal autopatch operation. 


AUTODIAL - System MODE 2 Default: Autodial Prefix * 
Disconnect #8 


To dial a number contained in the autodial memory enter the Autodial 
Prefix followed by ’xx’ where ’xx = 00 - 99’ for the desired memory 
location. The controller will respond with "AD xx" and then dial your 
number for you. Disconnecting when the call is completed is the same as 
normal autopatch operation. 


REMOTE AUTOPATCH Default: Connect code *89 
- Disconnect code #9) 


To access the remote autopatch, enter the Remote Autopatch Connect 
Code. The controller will send ‘dit-dit’ and enter the remote patch mode. 
To disconnect the remote patch enter the Remote Autopatch Disconnect Code. 
The controller will send ‘dit-dit’ and return to normal operation. To 
redial a number on the remote autopatch, enter the Remote Autopatch Access 
Code followed by ’*’. The RFC 8-RC will access the remote autopatch and 
redial the last number for you. To access the autodialer on the remote 
autopatch, enter the Remote Autopatch Connect Code followed by ‘00-99’ for 
the desired autodial location. The RFC 8-RC will send ‘dit-dit’ and access 


the remote autodialer. 
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REMOTE BASE FUNCTIONS 


CHANNEL SELECT — System MODE 2 (Default 82) 


NOTE: This command requires the presence of the RFC 8-AP Autopatch or 
the RFC 8-SI. 


In the case of a multi-channel crystal link or remote base you may 
select one of eight channels by entering the Channel Prefix followed by 
the desired channel number (1-8). The RFC 8-RC will respond in CW with "CH 
#" where "#" is the channel number. To check which channel is currently 
selected, enter the Channel Select Prefix followed by ’0’. The RFC 8-RC 
will respond with "CH #" where "#" is the channel currently selected. 


NOTE: The following commands require the presence of at least one RFC 8-RB 
Remote Base Interface. 


REMOTE BASE FREQUENCY - System MODE 2 (Default 58) 


When operating in MODE 2 you have the choice of a crystal controlled 
(8 channels) or a fully synthesized remote. (An external decoder is 
required to recover the encoded data for a crystal or synthesized remote.) 


For the synthesized remote the frequency is set by entering the 
Frequency Set Prefix followed by the MHz, 100 KHz, 10 KHz, 1 KHz and 
offset. For offset, O = simplex, 1 = minus, and 2 = plus. The RFC 8-RC 
will output the new frequency and then read back the Remote Base #, 
Frequency, and Offset back in CW. If the CTCSS encoder is on, the Offset 
Tesponse willbe "5", "9", or "A™ instead of “0", “1", or "2". 


REMOTE BASE FREQUENCY CHECK - System MODE 2 (Default 36) 


— To check the current frequency of the remote base enter the Frequency 
Check Command. The current Remote Base #, Frequency, and Offset will be 
read back in CW. If the CTCSS encoder is on, the Offset response will be 
woh aly BOM. or WA instead of AW hale iA or wae. 


CTCSS TONE ENCODE - System MODE 2 (Default 21) 


You have the ability to select one of thirty two sub-audible tones. To 
program the encoder enter the CTCSS Prefix followed by two digits for 
desired tone (01-32). The RFC 8-RC will respond with "ST ##" where "##" is 
the tone number. To turn off the encoded enter the CTCSS Prefix followed 
by ’00’. The response will be "ST OFF". To check which CTCSS tone is 
currently selected, enter the CTCSS Prefix followed by ‘0’. The RFC 8-RC 
will respond with "ST #" if a tone is selected or with "ST OFF" if no tone 
is selected. 
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REMOTE BASE MEMORY CHANNELS - System MODE 2 (Default 14) ~ - 


The RFC 8-RC also provides for ten channels of memory for the remote 
-t~, base. Each memory channel contains the Remote Base #, Frequency, and CTCSS 
\ @ tone. To select one of these memories enter the Memory Prefix followed by 
~~ the desired memory channel number (0-9). The RFC 8-RC will respond with 
"Mm #" where "#" is the memory number. a 


MULTIPLE REMOTE BASES - System MODE 2 (Default 53) - 


When you are using multiple remotes you may choose one from up to 
eight to be on line at any one time. To select a remote enter the Remote 
Base Select Prefix followed by the remote # (1-8). The RFC 8-RC will 
respond with "RB #" where "#" is the current remote. To check which remote 
base is currently selected, enter the Remote Base Select Prefix followed 
by ‘0’. The RFC 8-RC will respond with "RB #" where "#" is the remote base 
currently selected. 
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BASIC CIRCUIT DESCRIPTION 


The various receiver audios go to a buffer, U8. The outputs of U8 are 
connected to U10. U10 is a multiplexer, it selects which of the receive 
audios will go to the transmitter audio output terminal and to the DTMF 
decoder. The output of U10 goes to the AUX OUTPUT PIN, Q2, Ul1l1, and U9C. 
Q2 is an FET switch which mutes transmitter audio when DTMF tones are 
being received. The AUX audio is not muted. U9D is the mixer for the 
transmitter audio. U11l is the DTMF decoder. It receives the tones and 
decodes them into a digital format. ; 


The various COS inputs go to U5. U5 is an inverting buffer that 
isolates the COS inputs from the microprocessor circuitry. 


Q3, Q4, and Q5 are the drivers for the PTT outputs. These outputs are 
controlled by the microprocessor to select which transmitter is turned on 
at any one time. 

Microcomputer: 


A detailed explanation of the Microcomputer is beyond the scope of 
this manual. Below is a brief description of the Microcomputer operation. 


Ul is an 8085A microprocessor. It is the heart of the RFC 8-RC. In 
conjunction with U2, U3, U13, U14, and U15 form the Microcomputer that 
controls the operation of the RFC 8-RC. 

The operating instructions (software) is factory programmed into U2. 

U2 is a 16K byte EPROM. The command codes and other user programmable 
operating parameters are stored in U3. U3 is 2K byte EEPROM which retains 
its memory even when the power is removed. 

U3 is a multipurpose IC. Besides handling all the input and output, it 
contains the tone generator and 256 bytes of RAM. 

U4 is used to generate sine wave tones for the RFC 8-RC. Its output 
goes to R15, TONE LEVEL ADJUST, then to a low pass filter,U9A, where it is 
filtered and then to U9D where it is mixed with the transmitter audio. 

U6 and U7 are connected as a "Watchdog Timer". This timer is normally 
supplied with reset pulses when the RFC 8-RC is operating properly. If the 
RFC 8-RC malfunctions, the reset pulses will cease and the timer will 
begin to operate. When the terminal count is reached, U6 will force a 
hardware reset to the Microcomputer. 

U12 is a darlington driver used as a buffer for the eight auxiliary 
output lines.- 
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SUMMARY OF COMMANDS 


SETUP COMMANDS 


“@ e 


CODE RESPONSE 
Programming the ID Message 
*8090 ID OK Program ID Message 
CW Chart: 0 - 00 9 - 09 Be Bere Be: Ro=-.27 
i= 02 ANH 0 Sa 19 Sa i283 
2.7.02 Be= 17 Kowa 0 fis oS Phe) 
av = 03 Co 12 1 tr! 1 Uta 
4 =- 04 Dawa. Ss Mes722 Views) 
Si = OS E - 14 Nowa Whee 
6 - 06 Perey Oivmrn2 4 PS eels 2 
, nn OF | Gu=-2 1.6 P - 25 Y = 734 
8 - 08 joie Go ix yd OF=—26 Fi eck EN 
Setting the Tone Frequencies (x = 0-9) 
*4560x IDT OK Set ID Pitch 
-®@ *4561x CTl OK Set Repeater Courtesy Tone 
(7 “* *4562x CT2 OK Set Link Courtesy Tone 
be *4563xX CT3 OK Set Remote Base Courtesy Tone 
*4564x ACK OK Set Command Acknowledgment Tone 
*4565x PT OK Set Privacy Tone 
TONE CHART: 0 = 400 Hz Semi 225) Hz 
1 = 500 Hz 6 = 1530 Hz 
2= 625 Hz 7 = 1910 Hz 
a 3 = 780 Hz 8 = 2375 Hz 
4 = 975 Hz 9 = 2980 Hz 
Setting the Hang Timers (x = 0-9) 
*7410x HT OK Set Repeater Hang Time 
*7411x LT OK Set Link Hang Time 
*7412x RT OK Set Remote Base Hang Time 
HANG TIME CHART: Oo = .05 Sec 5 = 2.0 Sec 
1 = 225 Sec 6. = 2.5 SEC 
2= .50 Sec 7 = 3.0 Sec 
3 = 1.00 Sec 8 = 3.5 Sec 
4 = 1.50 Sec 9 = 4.0 Sec 
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CODE 


*7413x 
*7414x 
*7415x 


*7416x 
*7417x 


*74180 
*74181 


*74190 
*74191 


RESPONSE 


Setting the Time-out Timers (x = 0-5) 


TO OK Set Repeater Timer :: 
ATO OK Set T-P Access Time=out 
APTO OK Set Autopatch Activity Timer 
TIME-OUT CHART: 0 = .5 Min 3 = 2.0 Min 
T= 21,.0.Min 4 = 2.5 Min 
2 = 1.5 Min 5 = 3.0 Min 
Setting CW Speeds (x = 0-4) 
IS OK Set ID Speed 
AS OK Set Acknowledgment Speed 
SPEED CHART: Oo = 10 WPM 3 = 25 WPM 
1 = 15 WPM 4 = 30 WPM 
2 = 20 WPM 
Link Selection/Timing 
LNK OK Select Simplex Link 
LNK OK Select Duplex Link 
ID Timing 
IDI OK Normal 
IDI OK 10 Second Delay 
Preset Modes 
PSx OK Setup Preset Mode #x (x=0-9) 
Setting the Operating Mode 
MD 1 OK Select Mode #1 (BASIC Operation) 
MD 2 OK Select Mode #2 (EXPANDED Operation) 
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RESPONSE 


Programming the Command Prefixes 


MO Co ds: 

40900 MID OK Set Manual ID Code P: 54 
*40901 RPT OK Set Repeater Command Prefix = . 2587 
*40902 LNK OK Set Link Command Prefix 2 pean 
#40903 RMT OK Set Remote Base Command Prefix 654 
*40904 AUX OK Set Auxiliary Control Command Prefix 47 
*40905 COP OK Set Control Operator Command Prefix 852 
*40906 TP OK Set TT Access Command Prefix 55 
*40907 PS OK Set Preset Mode Prefix 08 
MODE 2 Commands: 

*40908 PA OK Set Autopatch Access Code *841 
*40909 PD OK Set Autopatch Disconnect Code #8 
*40910 RPA OK Set Remote Autopatch Access Code *89 
*40911 RPD OK Set Remote Autopatch Disconnect Code #9 
*40912 AD OK Set Autopatch Autodial Prefix * 
*40913 OL OK Set Dialing Prefix - 
*40914 CH OK Set Channel Select Prefix 82 
*40915 CK OK Set Remote Base Freq. Check Code 36 
*40916 RBF OK Set Remote Base Freq. Command Prefix 58 
*40917 MEM OK Set Memory Command Prefix 14 
*40918 ST OK Set cTCSS Prefix 21 
*40919 RBS OK Set Remote Base Select Prefix 53 
*40920 RAC OK Set Remote Patch Access (System) * 
*40921 RDC OK Set Remote Patch Disconnect (System) # 
-e *40922 RAD OK Set Remote Patch Autodial (System) * 
Locking the RFC 8=-RC 
#* LOCK Secure Controller 


Initializing the RFC 8=-RC 


Initialize RFC 8-RC (Use ONLY in case of 
malfunction) 


Programming the Memory Channels (x = 0-9) 
*963x M x Program Memory Channel (x = Channel #) 
Programming the Autodial Numbers (xx = 01-50) 
*586xXX AD xx Program Autodial Number (xx = 00-99) 
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RESPONSE 


RIO OFF, 
RTO ON 


LTO OFF 
LTO ON 


RBTO OFF 
RBTO ON 


TP OFF 
TP ON 


ID OFF 
ID ON 
LDe2 
ID 3 
ID 4 


USRKZOFF 
USR ON 


CC OFF 
Cc ON 


CONTROL OPERATOR COMMANDS 


FUNCTION 
System Reset 
Reset Microprocessor 
(xx = Repeater Control Prefix) 


System Off 

System On - Carrier Access 

System On - Tone Access 

System in Duplex Control Mode 

System in Tone Access Duplex Control Mode 


- Control Operator Commands 
(xx = Control Operator Prefix) 


eet De Tones Off 


Privacy Tone Off 
iT] On 


Repeater Time-out Off 
oe iii On 


Link geet off 
iT On 


Remote Base pines -out Off 
oe iT) C n 


T-P Hyatt Mode Off 
oe iT] On 


Epa ee off 
Repeater Only 
Repeater/Link 
Ms Repeater/Remote Base 
= Repeater/Link/Remote Base 


User Commands Off 
iT 1] On 


Link cont igurae cn #1 (Cross-connect OFF) 
I] # P. ( a |] ON) 
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RESPONSE 


AM 3 


LTA OFF 
LTA ON 


RBTA OFF 
RBTA ON 


Dit-dit 
CW ON 


-AXK 0 


AXK 1 
AXK 2 
AXK 3 


AP OFF 
AP ON 
AP TS 


OH 


APTO OFF 
APTO ON 


TC OFF 
TC ON 


PP OFF 
PP ON 
PPT ON 


RP OFF 
RP ON 
RPTA 


Access Mode #1 (Carrier for all commands) 

Access Mode #2 (CTCSS required for Setup 
Commands) . 

Access Mode #3 (CTCSS required for Control 
Operator/Setup Commands) 

Access Mode #4 (CTCSS required for all 
commands) 


Link Transmitter-Carrier Access 
™ ys -CTCSS ACCESS 


Remote Base Transmitter-Carrier Access 
" " Ld -CTCSS Access 


CW Acknowledgments Off 
i] I] ly On 


Control receiver 
CW Acknowledgments None 
bs s = Repeater/Link 


" ~ ‘ Repeater/Remote Base 
1 


Autopatch Off 
ii On 
Ls cTCSS Access 


be Off-Hook 


Autopatch Activity Timer Off 
ii] A] iT] On 


Toll Call Access Off 
oe oe oe on 


Autopatch in Normal Mode 
Autopatch in Private Mode (Silent) 
Autopatch in Private Mode (Privacy Tone) 


Remote Patch Disable 
= Md Enable 
Remote Patch CTCSS Access 


Repeater/Link/Remote Base 
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USER COMMANDS <Tee 


CODE RESPONSE 
[@----  -------- | ae Cains 
XX Call sign Manual ID xX = Manual ID Code 
T-P Access (xx = T=P Access Prefix) 
xx0 UP TP Access UP 
xx1 DN TP Access DOWN 
Auxiliary Outputs (xx = Auxiliary Command Prefix) 
(y = Line # <1-8>) : 
xxy0 F y OFF Set Aux Output Line to OFF 
xxyl F y ON Set Aux Output Line to ON 
xx0 = Check Aux Status (# = Activated Outputs) 
Preset Operating Modes (xx = Preset Prefix) 
xxXy PS y Select 1 of 10 Preset Operating Modes (y = 0-9) 
' g Autopatch 
Oe XXX AP Autopatch Access (xxx = Patch Access Code) 
; yYYY DN Autopatch Disconnect (yyy = Patch Dump Code) 
XXX* RD Autopatch Access - Last # Redial 
Remote Autopatch 
XXX ois Remote Autopatch Access 
= (xxx = Remote Patch Connect Code) 
xxx* Remote Autopatch Redial 
XXXYY Remote Autopatch Autodial (yy = 00-99) 
ZZZ aie Remote Autopatch Disconnect 
(zzz = Remote Patch Disconnect Code) 
Link Commands (xx = Link Prefix) 
xx0 LNK OFF Link Off 
xx1 LNK RX Link Receive Only 
xx2 LNK TX Link Transmit Only 
® xx3 LNK ON Link Receive/Transmit 
eS xx4 LNK ??? Check Link Status 


ee mae tas 
1209 ccna ganlt Chal “ge ig i ae, b 
I “ith | ah lal ¥ ro Ma club ‘ 


wo rit \ ¥ " H 
Cae A . ber = ‘A ) Ag ‘ ves 
Y 


ov “1 


ahal OF lecnaN ¥ ax . ar (suneit 


(xitexuo segens a-'T + xx) 


ee ee eee ee tanto <n\sni areal ok Rema. DATEL 
(Mi%eu39 Dewmmed. YoahtlevA @ xx) ae 
(<On5 > § anit = ¥), 
ITO Of ead Sugivd xvA Jee TO. y 
KO oF sit sugqgwOo “vA feb | a 


(atugiuvO Bbevavigna « ‘) Suge72 MUA NoadS Bas _ & 


i ae . ® > 0 aay at. i > a OP ae ct de o@ 00 ae OF ae ON A WR ee ‘- 


a. a er wh 


Heh tere’ Yrawwt = xx) eabam OvtS Fego Jeena 
¥) @eboN galgaton Josevt OL to f yoeles ee 


~ —_—- an ie tie ae iitindpimemiestodaal ot kT eee 


= = ee. 
oe om aE ee el le ey a I i i i i  n, s e e : 


to reqoswa 


bad anegrk dotted » sx) dona ti 
ng) Lt | we J ‘i tag eg « vv" f ) 
j {albed% pare: “ qeaaastan 


a Oe ae th a tate te wi — ae me a) ee ee ee 


0 om epee eee ee oe at = ae eh ap WM re pe on ct Gallente 


AoteqesuA etanen 


RRAODA Moz aScmeit ria 
(9hoS Pderced Aad04 e7ortat, = , Lyi 


(\@€-00 = wy) 


Taare EO 
(e502 2% SOnTOHREE UISHE GP Omee - 


— ie ee Ne eh ree ce Or tee gh 


~~ ee a LET, Pe 


(elReat anid « we) 


CODE RESPONSE FUNCTION 


Select Link/Remote Base Channel (xx = Channel Select Prefix) 


- @ xXY CH y Set Link/Remote Base Channel (y-=-Channel # <1-8>) 
xx0 CH # Check Channel Status (# = Channel Selected) 


Remote Base Commands (xx = Remote Base Prefix) 


xx0 RMT OFF Remote Base Off 

xxl RMT RX Remote Base Receive Only 

xxX2 RMT TX Remote Base Transmit Only 
xx3 RMT ON Remote Base Receive/Transmit 
xx4 RMT ??? Check Remote Base Status 


Set Frequency Command 
(xx = Frequency Set Prefix) 


Freq Set Remote Base Frequency 
xx+ (MHz) + (100KHz) +(10KHz)+(1KHz)+(0 = Simplex) 
(1 = Minus) 
(2 = Plus) 
@ . Check Remote Base Frequency 
FR. . 
a) SX oeee a ——— Check Remote Base Frequency xx = Frequency Check Code 


Select CTCSS Tone (xx = CTCSS Prefix) 


xx00 ST OFF Disable Sub-audible Tone 
xXXYY ST yy Set Sub-audible Tone 
yy = Tone # (01-32) 


Select Remote Base Memory Channel 
(xx = Memory Prefix) 


XX# M # Select Memory Channel (# = Channel # <0-9>) 


Select Remote Base (xx = Remote Base Select Prefix) 


xxy RB y Select Remote Base y = Remote Base # (1-8) 
xxO RB # Check Remote Base Status (# = Remote Base Selected) 
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Manual ID 54 
Remote Base Frequency Check 36 
Repeater Operator Prefix 2587 
Link Prefix Sel 
Remote Base Prefix 654 
Remote Base Freq Prefix 58 
Auxiliary Prefix 47 
Control Operator Prefix 852 
Memory Prefix 14 
Patch Access Code *841 
Patch Disconnect Code #8 
Autodial Prefix * 
Preset Prefix 08 
T-P Access Prefix 55 
CTCSS Prefix 21 
Remote Base Select Prefix S35 
Channel Select Prefix 82 
Remote Autopatch Access *89 
Remote Autopatch Disconnect #9 
Remote Autopatch Access (System) * 
Remote Autopatch Autodial (System) * 
Remote Autopatch Disconnect (System) # 


ID Message 


ID Timing Delay 
Hang Timers 
Time-out Timer 
Repeater 
Link/Remote Base 
Link Configuration 
Courtesy Tones 
Alarm 

Privacy Tone 

CW Acknowledge 

T-P Access 

Access 

Autopatch 
Autopatch Activity Timer 
Toll Call Access 
Private Patch 
Preset Modes 
System Mode 
Auxiliary Outputs 
Autodial Numbers 
Channel Select 
CTCSS Encoder 
Remote Base Select 
Remote Base Memories 


CALL/R - Enabled 


Normal 

1.5 Second 

3.0 Minutes - Enabled 

ON 

OFF 

Simplex / Option #1 (Normal) 


OFF (1 Min) 

Option #1 - Carrier Access 
ON - Carrier Access 

ON (30 Sec) 

OFF 

OFF 

Set to above parameters 
Mode #1 

OFF 

Blank 

Channel #1 

OFF 

Remote Base #1 

xx6.520 Simplex 
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PIN CONNECTIONS 


-@ 1 - Audio Ground 
2 - Remote Base Receive Audio 
3 - Audio +5 volts 
4 = Link Receive Audio 
5 - Control Receive Audio 
6 - Aux Transmit Audio 
7 - Repeater Receive Audio 
8 - Tone Out (Autopatch) 
9>= Tone In (Autopatch) 
10 - Transmitter Audio 
11 - Repeater PTT 
12 - n/c 
13 - Link PTT 
@ 1aeeuN/ Ch 
| 15 - Remote Base PTT 
16 - External Reset 
LRN] .C 


18 - Digital +5 volts 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


32 


33 
34 
Eis) 


36 


Patch -Busy (Autopatch) 
Ring Detect 

CTCSS Decoder Input 
Control Receiver cos 
Remote Base Receiver COS 


Link Receiver COS 
Repeater Receiver cos 
Digital Ground 

FREQ Strobe 

AUX Strobe | 

FREQ Reset 


AP Strobe 


Aux Data 8 


Aux Data 4 
Aux Data 2 


Aux Data 1 


NOTE: xx designates the pin goes to ground or 0 voltage when activated, 
or requires a ground to to activate the desired function. 
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WARRANTY 


RF CONCEPTS, Division of Kantronics, warrants each RFC 8-RC free from 
defects in material and workmanship under normal use and service for a 
period of 1 year after the delivery to the ultimate user. 

The unit must be returned to the factory, freight prepaid. 

The warranty card must have been submitted within 15 days after purchase. 
Any unauthorized repair may void this warranty. 

RF CONCEPTS will provide, free of charge, both parts and labor, as 
necessary, to correct any defect occurring within the warranty period. 

This warranty applies to the original owner only. 

This warranty applies only to those units that fail during normal 

ye bene.On: Any unit that has been overvoltaged, modified, accidentally 
#damaged or misused will not be covered. 

RF CONCEPTS will not assume any responsibility for ee LS EOVANVETaalo 
or accessory connected to this product. 

This warranty is in lieu of all other warranties expressed or implied, 
and no representative or person is authorized to assume for RF Concepts 
any other liability in connection with the sale of its products. 


RF CONCEPTS 
Division of Kantronics 
1202 E. 23 St., Lawrence, KS 66044 
(913) 842-7745 
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) Copyright 1989, by Kantronics Inc., 1202 E. 23rd ST., Lawrence, Kansas 
66046. All rights reserved. Contents of this publication may not be 

reproduced:in any form without the written permission of the copyright 
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WARNING: This product contains static sensitive components. 
Take proper precautions to prevent static buildup 
while handling. 
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INTRODUCTION 


it The RF Concepts RFC 8-AP Autopatch provides a very powerful interface 
between the telephone line and a repeater which uses the 

RFC 8-RC Repeater Controller. All command codes and timers relating to 
autopatch operation are remotely programmable and are stored in 
non-volatile memory. In addition to standard autopatch operation, the 
RFC 8-AP has many advanced features. 


The RFC 8-AP features DTMF tone regeneration. What this means is all 
DTMF tones received from the user will be regenerated with clean, 
noise-free tones which are then transmitted into the telephone line. This 
greatly reduces the chances of improper dialing due to a user’s signal 
being noisy, weak, or distorted. 


Another advanced feature of the RFC 8-AP is the Autodialer. This 
Autodialer has the capacity to store up to 100 separate telephone numbers, 
including area code if required, into non-volatile memory. This allows a 
user to make an autopatch call by entering as few as three digits. Also, a 
user may redial the last number dialed by entering as little as two 
digits. 


The RFC 8-AP may be remotely commanded to either allow or disallow 
toll calls (long distance) from being made through the autopatch. Also 
provided is an activity timer which may be remotely programmed and 

>) switched on or off. 


5° Reverse autopatch as well as remote control via telephone are also 
provided by the RFC 8-AP. Calls coming in to the RFC 8-AP, from the 
telephone line, will be answered and the RFC 8-AP will enter the remote 
command mode. If the caller enters the proper DTMF command, the telephone 
line will be connected to the repeater and the person on the telephone may 
then converse with persons on the repeater. 


The RFC 8-AP also contains the circuitry for decoding the eight 
Auxiliary Outputs and the eight Channel Select Lines. Control of the 
RFC 8-AP requires the use of the Auxiliary Outputs from the RFC 8-RC. 
These out puts are transferred to RFC 8-AP and are available from this 
board. 


The RFC 8-AP also contains the eight Channel Select line for use with 
a crystal controlled Link or Remote Base. 
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INSTALLATION 


Installation of the RFC 8-AP Autopatch is relatively simple and 
straight forward. There are two connections for the~-telephone line, four 
connections for power, two connections to the repeater receiver, and 
fourteen connections to the RFC 8-RC Repeater Controller. 


IMPORTANT: It is highly recommended that an FCC approved Telephone 
Interface Coupler be used between the RFC 8-AP and the telephone lines. 
This coupler can be obtained from: 


MOREY CO. 
2659 WISCONSIN AVENUE 
DOWNERS GROVE, IL 60515 


Order: Model #10X2700 Telephone Interface Coupler 
POWER SUPPLY CONNECTIONS 


The RFC 8-AP requires +12 volts DC at 000 MA This may be obtained from 
the repeater or a separate power supply. These two +12 lines should be 
connected together ONLY at the power source. There are also two separate 
ground connections required. These grounds should be connected to the 
corresponding pins on the RFC 8-RC. The pins for the power connections 
are: 

Pin 1 - Audio Ground (to Pin 1 on RFC 8-RC) 


Pin 3 - Audio +12 (to +12 power source) 
Pin 17 - Digital +12 (to +12 power. source) 


Pin 28 - Digital Ground (to Pin 28 on RFC 8-RC) 


TELEPHONE LINE CONNECTIONS 


The two connections for the telephone are pins 12 and 14. The RFC 8-AP 
is not polarity sensitive. It is recommended that these two pins be 
connected to the Telephone Interface Coupler then to a RJ-11 (modular) 
jack and the telephone line be plugged into the jack and NOT wired 
directly to the RFC 8-AP. 


REPEATER RECEIVER CONNECTIONS 


The RFC 8-AP requires two connections to the repeater receiver. These 
are Repeater Receive Audio and Repeater COS. If you have already installed 
the RFC 8-RC, these lines are already present on pins 7 and 27 of the RFC 
8-RC. If the RFC 8-RC has already been installed, move the wire from pin 7 
on the RFC 8-RC (Repeater Receive Audio) to pin 2 of the RFC 8-AP and the 
wire from pin 27 on the RFC 8-RC (Repeater COS) to pin 19 of the RFC 8-AP. 
If the RFC 8-RC has not been previously installed, these connections will 
have to be made to the repeater receiver. See the RFC 8-RC Owner’s Manual 
for more information. 
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RFC 8-RC CONNECTIONS 


ae There are fourteen connections, plus the ones on page 2-1, to be made 
9 to the RFC 8-RC from the RFC 8-AP. These connections are made to the 
corresponding pins on the RFC 8-RC. These connections are: 


RFC 8-AP RFC 8-RC 
AUTOPATCH FUNCTION CONTROLLER 
Pin 5 - Control Receiver Audio In Pin 5 
Pin 7 - Repeater Receiver Audio Out Pin 7 
Pin 8 - Tone In Pin 8 
Pin 9 - Tone Out Pin 9 
Pin 21 - Patch Busy Pin 21 
Pin 22 - Ring Detect Pin 22 
Pin 24 - Control COS Out Pin 24 
Pin 27 - Repeater COS Out Pin 27 
Pin 30 - Aux Strobe In Pin 30 
: Pin 32 - Autopatch Strobe IN _ Pin 32 
2 Pin 33 - Aux Data 8 In Pin 33 
Pin 34 - Aux Data 4 In ' Pin 34 
Pin 35 - Aux Data 2 In Pin 35 
Pin 36 - Aux Data 1 In Pin 36 


AUX / CHANNEL SELECT OUTPUTS 


These outputs are available via the two 9-pin connectors on the end of 
the board. These outputs go to ground when active (open-collector). The 
connector nearest the edge of the board contains the eight AUX outputs and 
the connector nearest the center of the board contains the eight Channel 
Select Outputs. The pins are numbered in the same direction as the fingers 
for the edge connector. That is, pin 1 is on the same side of the board as 
pin 1 on the edge connector and pin 9 is on the side with pin 36. The 
connections for both the Auxiliary and the Channel Select Outputs are 
listed below. 


Pin 1 -— Output #4 Pin 4 - Output #2 Pin 7 - Output #1 


J : Pin 2 - Output #3 Pin 5 - Output #7 Pin 8 - Output #5 
‘ Pin 3 - Output #8 Pin 6 - Output #6 Pin 9 - Ground 
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SETUP 


The first step in the setup procedure is to program the various timers 


and command codes. The procedures for setting these parameters are found 
in the Setup Commands chapter in the RFC 8-RC manual. 
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AUTOPATCH ACTIVITY TIMER ae 
COMMAND PREFIXES : 
AUTODIAL NUMBERS 

DIALING PREFIX 


REMOTE AUTOPATCH 


The next step is setting the levels on the RFC 8-AP Autopatch. These 
levels are preset at the factory and should be tried before any 
adjustments are made. The three adjustments are DTMF level, receive level, 
and transmit level. 
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PRIVATE PATCH - System MODE 2 


» 


There are three different types of operation available for the 
autopatch. In normal operation, all audio from the repeater receiver will 
be passed on to the repeater transmitter. Select this mode by entering the 
Control Operator Prefix followed by ‘190’. The RFC 8-RC will respond with 
"PP OFF". 

Private Patch Mode #1 inhibits all audio from the repeater receiver 


from being passed on to the repeater transmitter. Only audio from the 


telephone line will be heard over the repeater transmitter. Select this 
mode by entering the Control Operator Prefix followed by ‘191’. The 
controller will respond with "PP ON". 

Private Patch Mode #2 is the same as Mode #1 except that when the 
repeater receiver is active the DIMF Privacy Tone will be sent over the 
repeater transmitter. This mode is selected by entering the Control 
Operator Prefix followed by ’192’. The RFC 8-RC will respond with "PPT 
ON". 


REMOTE AUTOPATCH 


This command is used to enable and disable access to a remote 
autopatch. To disable access, enter the Control Operator Prefix followed 
by ‘200’. The controller will respond with "RP OFF". To allow access, 
enter the Control Operator Prefix followed by ’201’. The RFC 8-RC will 
respond with "RP ON". 
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USER COMMANDS 


AUTOPATCH (Default) Access code *841 
Disconnect code #8 


To access the autopatch enter the Autopatch Access Code. If the patch 
is enabled the RFC 8-RC will respond in CW with "AP". After the controller 
sends "AP", enter the telephone number. When you untie after entering the 
number, the RFC 8-RC will connect to the telephone line and redial the 
number with regenerated tones. You must begin dialing your number within 
ten seconds or the autopatch will disconnect. After you have dialed your 
number the autopatch timer will be set to the value programmed with the 
Setup Commands. This timer will reset each time you make a transmission. 
To shut off the autopatch enter the Autopatch Disconnect Code. The RFC 
8-RC will respond with "DN" and disconnect. 


REDIAL (Default) Redial *841* 
Disconnect #8 


To redial the last number dialed on the autopatch, enter the Autopatch 
Access Code followed by ’*’. Enter this as one command. The RFC 8-RC will 
respond with "RD" and automatically dial the number. Disconnecting when 
the call is completed is the same as normal autopatch operation. 


AUTODIAL (Default) Autodial Prefix * 
Disconnect #8 


To dial a number contained in the autodial memory enter the Autodial 
Prefix followed by ’xx’ where ’xx = 00 - 99’ for the desired memory 
location. The controller will respond with "AD xx" and then dial your 
number for you. Disconnecting when the call is completed is the same as 
normal autopatch operation. 


REVERSE AUTOPATCH 


To originate an autopatch call from the the telephone line, dial the 
number of the line to which the RFC 8-AP is connected. The RFC 8-AP will 
answer the call and send a CW ID message to the caller. When the ID is 
complete, enter the Control Operator Access Code followed by "#". The 
caller on the telephone line will then be on the air. To disconnect a 
reverse patch, enter the Autopatch Disconnect Code followed by "#". 


CONTROL VIA TELEPHONE LINE 


Control of the RFC 8-RC via the telephone line is very similar to 
making a reverse autopatch call. After the RFC 8-RC answers and sends its 
ID message, commands may entered via the telephone line. Operation is the 
same as entering commands via radio except you MUST add a "#" to the end 
of each command. When all commands are completed, disconnect the same as a 
reverse autopatch. 
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LINK \ REMOTE BASE FUNCTIONS 


“S) CHANNEL SELECT (Default) 82 * 


In the case of a multi-channel crystal link or remote base you may 
select one of eight channels by entering the Channel Prefix followed by 
the desired channel number (1-8). The RFC 8-RC will respond in CW with "CH 
#" where "#" is the channel number. To check which channel is currently 
selected, enter the Channel Select Prefix followed by ’0’. The RFC 8-RC 
will respond with "CH #" where "#" is the channel currently selected. 


FOR MORE INFORMATION SEE THE RFC 8-RC MANUAL 
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PIN CONNECTIONS 


1 - Audio Ground 

2 - Repeater Receive Audio In 
3 - Audio +12 

4-N/c 

5 - Control Receive Audio out 
6-N/c 

7 - Repeater Receive Audio Out 
8 - Tone In 

9 - Tone Out 
10 - N/c 
11 - N/c 
12 - Telephone Line #1 
13 - N/c 
14 - Telephone Line #2 

15 - N/c 
16 - N/c 
17 - Digital +12 

18 - N/c 


N/C - No Connection 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 
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32 


33 


34 


35 


36 


Repeater Receiver COS In 
N/C < 

Patch Busy 

Ring Detect 

N/C 

Control Receiver COS Out 
N/C 

N/C 

Repeater Receiver COS Out 
Digital Ground 

N/C 

Aux Strobe 

N/C 

AP Strobe 

Aux Data 8 

Aux Data 4 

Aux Data 2 


Aux Data 1 
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WARRANTY 


RF CONCEPTS,Division of Kantronics, warrants each RFC 8-AP free from 
defects in material and workmanship under normal use and service for a 
period of 1 year after the delivery to the ultimate user. 

The unit must be returned to the factory, freight prepaid. 
The warranty card must have been submitted within 15 days after purchase. 
Any unauthorized repair may void this warranty. 

RF CONCEPTS will provide, free of charge, both parts and labor, as 
necessary, to correct any defect occurring within the warranty period. 

This warranty applies to the original owner only. 

This warranty applies only to those units that fail during normal 
operation. Any unit that has been overvoltaged, modified, accidentally 
damaged or misused will not be covered. 

RF CONCEPTS will not assume any responsibility for damage to any radio 
or accessory connected to this product. 

This warranty is in lieu of all other warranties expressed or implied, 
and no representative or person is authorized to assume for RF Concepts 
any other liability in connection with the sale of its products. 


RF CONCEPTS ~ 
Division of Kantronics 
1202 E. 23 St., Lawrence, KS 66044 
(913) 842-7745 
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INTRODUCTION 


The RF Concepts RFC S-RB Remote Base Interface provides the necessary 
control signals to interface a frequency agile transceiver to a repeater 
using the RFC S-RC Repeater Controller. The RFC &S-RE has its own micro- 
processor which enables it to be interfaced to many different types of 
transceivers and also contains a remotely programmable CTCSS encoder. 


The RFC S-RE contains relays to switch the remote base signals from 
the remote base radio on and off the remote base bus on the AFC S-AC. The 
RFC S-RE may be programmed as remote base #1 to #6. 
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INSTALLATION 


Installation of the RFC S-RB is relatively simple and straight 
forward. There are four connections for power and ten connections to the 
RFC S-RC. All connections to the remote base radio are made through the 
two connectors on the end of the board opposite the edge connector. 


FOWER SUFFLY CONNECTIONS 
The RFC S-RB requires power sources of +5 and +12 volts [C. These may 

be obtained from the repeater or a separate power supply. The RFC S-RB 
also requires two separate ground connections. These should be connected 
together at the ground point and not at the edge connector. The pins for 
power connections are: 

Pl hee ero. Or oY OulGm COnritt 1. Of REC, S<-RC) 

Fin 3 - Audio +12 (to +12 power source) 

Fin 17 = Digitat +tle (to +12 power .source) 


PE heloe- ew ULO LCG Loton tOmratue ie On theoneC o=hC) 


Fin 28 - Digital Ground (to Fin 2@8 on RFC S-RC) 
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RFC S-RC CONNECTIONS 


There are ten connections to be made to the RFC S-RC from the RFC 
S-RB. These connections: are made to the corresponding pins on the 
RFC S-RE. These connections are: 


RECPS-RE REC «SRE 

INTERFACE FUNCTION CONTROLLER 
Fin @ - Remote Base Receive Audio Firiec 
Fin & - Aux Transmit Audio Pin & 
Fin 15 - Remote Base PTT Pipa 
Fin 25 - Remote Base COS bey ica 
Pine? ~ FREO Strébe PER Re todks, 
Fin Si - FREQ Reset Palast 
Pinesen—cAauxelatarcs Ainiss 
Fin S4 - AUX Tata 4 . Fin 34 
Fin 35 - AUX Data 2 eee Che. 
Fin 3& —- AUX Tata 1 ele oie 


RADIO CONNECTIONS 


The RFC S-RE requires four connections, other than frequency control, 
to be made to the remote base radio. These are receive and transmit audio, 
receiver COS, and transmitter FTT. There is an optional CTCSS tone output 
on the RFC S-RB that may be used if your system requires a remotely 
programmable CTCSS encoder. The level of the encoder is set by the 
multi-turn pot on the end of the board. All the above connections are made 
to the 6 pin header on the end of the board and are the same as those 
required of the repeater. Refer to the RFC S-RC Owner’s Manual for more 
information. 


Pin 1 -—- TX Audio 
Fin 2 = COS 

a See as ON 

Fin 4 - RX Audio 
Pinto. =1C 16SS Out 
Fin & - Ground 
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FREQUENCY CONNECTIONS 


The actual connections for frequency control will vary from radio to 
radio. Listed below are the outputs available from the RFC S-RBE. These 
connections are made to the 2& pin header on the end of the board. 
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Ee MNHe -— Fin 2&4 COOTRHe: ~ orate co RBI Eg pl IY my Wig lS BE 
4° MHz = Pin ce 400 KHz -— Pini 40 KH2?- Pin 11 
Sais Seat fee a SOO PR re a tric? SQet ric a) Fit) 
NORMAL INVERTED 
Geo HAG te UD WL gat Wi @ ae gee tale ae Neb ga Frequency Common - Fin 18 
Simplex -—"“Pin 7 Dimplex =“ Fins Pin eo 
Minus cod A ee eh es Minus Ga ay op eg n= 
Flus ee ry Ss Flus -~ Fin 4 Offset Common co) Wate el ge Wa 
Select - Fin 10 
Ground ~~ Pin 14 
fee lateee lice 


NOTE: The Common connections are NOT ground. These pins should be tied to 
a SLpply voltage equal to that required by the FLL circuitry. 
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FIN CONNECTIONS 


1 - Audio Ground 


2 - Remote Base Receiver Out 
2 > Auto +ie 
4.5 NYC 
maaan NZC 
& - Aux Transmit Audio In 
VTS PAE 
oy sp 7 C 
Seer 
bon NAG 
%| ch = NAG 
ia 12 - N/C 
Losses G 
14 - N/C 


15 - Remote Base FTT In 
al& -EN/C 
iwe-shigqital +12 


leo= LVigital +o 


13 - N/C 
2o - N/C 
21 - N/C 
22 - N/C 
2s - N/C 
24 - N/C 


esa — Remote Base COS Out 
C68 NC 

aq S9N/C 

S - Digital Ground 

£9 — FREQ Strobe 

ao NYC 

31 ~ FREQ Reset 


SereTN/C 
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33 - AUX Data 
34 - AUX Data 4 
- AUX Data 2 


S36 - AUX Tata l 
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Bill Of Materials October 27, 1989 4351312 Page 4 
Item Guantity Reference Part DESCRIPTION SOURCE PART # 
| : vl 8085 Microprocessor Janeco B085A 
2 i WR 74H0573 CNOS Octal Latch Jaseco 74HHCS73 
3 i WW 286548 8K EEPROM Memory Jameco 28658 
4 2 04,08 4020 CMOS 16 Bit Counter Janeco CD4020 
5 t 6 27128 LK EPROM Jaseco 2712825 
) i W 74HC138 CMOS Decoder Jameco T4HC138 
oq 1 we 8156 RAN = 1/0 = TIMER Jareco 156 
8 1 U9 4049 CNOS Buffer/Inverter  Jameco Cd4049 
9 {1 Us0 4018 CMOS Counter Janeco CD4018 
10 a US 2803 Octal Driver Jameco ULN28038 
is 1 Oly 202 DTMF Decoder Ha] }-Mark §51202 
12 2 = W135, UL5 LNS900N Operational Amplifier Janeco LAS9OON 
13 1 = Ut4 4053 CMOS Switch Jaseco CD4083 
14 ee +) 3.2768 3.2768 MHz Crystal Jameco CY3.27 
4§ wee 4 3.58 MHZ 3.58 MHz Crystal dJameco CY3.97 
1b Ea 4 22PF 22 PF Dise Capaciter Digi-Key P40L6 
47 19° 03,06,07,012,013,014, » iMF ol MF SOV Met. Fila Digi-Key PAS 25 
€15,C16,C17,C18,C19,C20, 
£21 ,€26 ,C27 C28 C29, 
C30, C31 
48 3 C4, C5, C25 1ONF 10 MF 25V Tantalus Digi-Key P2049 
19 {6 08, 09,010,032-47 OIMFD = «QL MF SOV Dise(.25 Spc}Digi-Key P4300 
20 2 1,022 <OLKFM = OL MF Poly, Digi-Key P3103 
21 1 023 OOIMFN = 001 MF Poly. - Digi-Key P3102 
22 { 24 iMFB 1 MF S5V Bi-Polar Digi-Key P1432 
23 1 Ri 470 1/4 Watt $2 Resistor’ Digi-Key 4709 
24 4 —-R2,R4, RS, RSI 10K 1/4 Watt Sf Resistor Digi-Key 10K 
25 3 -RY,RS, R28 3300 {/4 Watt 5% Resistor Digi-Key 3.3K0 
26 13 RE, RLS, RIG, RIB, RLG,RZ2L, SAK 4/4 Watt O% Resistor Digi-Key 56KQ 
R22,R24,R25,R29, R33, R34 
27 3° R7,RB,RP iK 1.4 Watt O% Resistor Digi-Key 4.0K@ 
28 4 = R10 {HEG 4/4 Watt 5% Resistor Digi-Key 4.0MQ 
29 2 RY,RS4 36K 4/4 Watt S% Resistor Digi-Key 36KQ 
30 4 —- R12, R13, R30, R34 22K 1/§ Watt 5% Resistor Digi-Key 22K@ 
uM 9 —- R17, R20, R23,R26,R27, L00K 1/4 Watt 5% Resistor Digi-Key 100Kk8 
R32,R35,RS1,RS2 
32 1 RM 3K 1/4 Watt St Resistor Digi-Key 39kG 
3 1° R37 6800 1/4 Watt 5% Resistor Digi-Key 6.8KO 
34 1 = R40 620 1/4 Watt 5% Resistor Digi-Key 6208 
3 1 RAL 12K 4/4 Watt 5% Resistor Digi-Key 12KQ 
% 1) OVRE 100K {00K 15 turn pot, Digi-Key O1BL§ 
37 2 RPLRP2 BX10K Resistor Pack (9) Digi-Key 89103 
38 3 -D1,D2,D3 {N14 Switching Diode Jameco 1N4148 
39 1 #3 2N3904 = Transistor dJaneco 2N3904 
AQ 4 2,03,04,06 2N2222A = Transistor Jaaeco 2N22224 
4} 1 85 MPF102 «= Field Effect Transistor Jaseco MPF 102 
42 2 Crystal Insulator 
43 i Edge Connector Digi-Key $1364 
44 2 14 pin 1€ socket 
45 6 16 pin IC socket 
46 2 {8 pin IC socket 
47 L 20 pin IC socket 
48 2 28 pin IC socket 
49 2 40 pin IC socket 


NOTE: Please supply resistors and diodes with either STRAIGKT Jeags 
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C3,06,07,012,C13,014, 
€15,C16,C17,C18,019,C20, 
£24,024 ,027,C28,C29, 
C30,C31 

c4,C$,C25 

08,09 ,€10,032-47 
11,022 


R2,R4 ,R3B,R39 
R3,R5,R26 

RO,R15,R16,R1B,RL9, R21, 
R22,R24,R25,R29,R33, R34 


" R7,RB,RY 


R10 
Ris,R44 
R12,R13,R30,R36 
R17,R20,R23,,R26,R27; 
R32,R35,RSL,RS2 

R31 


G2,83,04,06 
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4351342 Page 1 

Part DESCRIPTION SOURCE PART $ 
8085 Microprocessor Jameco BOBSA 
74H0573  CNOS Octal Latch Jaseco THES 
28654 8k EEPROM Nenory Jameco 285A 
4020 CMOS 16 Bit Counter Jaseco CD4020 
27128 £6K EPROM dameco 27128-25 
74HC138 © CMOS Decoder Janeco T4HC138 
8156 RAN = 1/0 = TIMER Jameco 8156 
4049 CNOS Buffer/Inverter  Jameco CD4049 
4018 CMOS Counter Janeco Ch4018 
2803 Octal Driver Jaaeco ULN2803B 
202 DTMF Decoder Hal }-Nark §$1202 
LNSPO0N Operational Amplifier  Janeco LAS900N 
4053 CMOS Switch Jameco CD4053 
3.2768 3.2768 KHz Crystal} daneco CY3.27 
3.58 MHZ 3,58 MHz Crystal Jameco CY3.§7 
22PF 22 PF Dise Capacitor Digi-Key P40L6 
AMF LMF SOV Met. File Digi-Key P4525 
1ONF 10 MF 25V Tantalua Digi-Key P2049 
sOLHFD «= QL MF SOV Disc(.25 Spc}Digi-Key P4300 
<OIMFN = 601 MF Poly, Digi-Key P3103 
OOIMFN = 001 MF Poly. Digi-Key P3102 
IMFB 4 MF S5V Bi-Polar Digi-Key P4432 
470 4/4 Watt 3% Resistor’ Digi-Key 4700 
10K 1/4 Watt 5% Resistor Digi-Key 10k 
3300 /4 Watt 54 Resistor Digi-Key 3.3K0 
54k 1/4 Watt 9% Resistor Digi-Key bk 
iK 1.4 Watt 5% Resistor Digi-Key 1.0K@ 
{MEG 1/4 Watt 5% Resistor Digi-Key 4.0MQ 
36K 4/4 Watt S% Resistor Digi-Key 36K 
22K 1/4 Watt SZ Resistor Digi-Key 22k@ 
L00K 1/4 Watt 9% Resistor Digi-Key 100k8 
3K /4 Watt S2 Resistor Digi-Key 39KG 
6800 1/4 Watt 5% Resistor Digi-Key 6.60 
620 1/4 Watt 5% Resistor Digi-Key 6208 
12K 4/4 Watt 3% Resistor Digi-Key 12K@ 
100K 00K 13 turn pot, Digi-Key O15 
BX10K Resistor Pack (9) Digi-Key 89103 
{N914 Switching Diode Janeco 1N4148 
2N3904 = Transistor daneco 2N3904 
2N2222A = Transistor Janeco 2N22224 
MPF102 «= Field Effect Transistor Jaseco MPF 102 

Crystal Insulator 

Edge Connector Digi-Key $1364 


14 pin IC socket 
16 pin IC socket 
{8 pin IC socket 
20 pin IC socket 
28 pin IC socket 
40 pin IC socket 


NOTE: Please supply resistors and diodes with either STRAIGHT leads 
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RFC-8RB Revised: June 10, 1989 
Revision: B 
Bill Of Materials February 23, 1989 5:08:48 Page | 
Ttem Quantity Reference Part DESCRIPTION SOURCE PART # 
1 1 xl 3.98 MH2 3.98 MHz Crystal Jameco CY3.57 
é 3 .€1,C2,C8 LOMF 10 MF e5V Tantalum Digi-Key P2049 
3 4 = 3,4 05,06 . iF 1ut/S0v Bi-Polar Digi-Key P1132 
4 4 §=€7,C9,C10,049 IMF ol MF SOV Met. Film Digi-Key P4525 
5 @ \Ci1,Ci2 eePr G2 PF Disc Capacitor Digi-Key P4016 
6 2 €13,C14 OOIMFM = .001 MF Mylar Digi-Key P3102 
7 @ £15,046 sO1MFM 01 MF Mylar Digi-Key P3103 
8 32 C17, C18,C19-49 OUMFD Of MF SOV Dise Digi-Key P4300 
9 1 PPL 7X10K 10K/7 Element Network Digi-Key 07103 
10 1 «Re 9X10K 10K/9 Element Network Digi-Key 09103 
1 € = RL, R4 36K 1/4 Watt 5% Resistor Digi-Key 36KQ 
le 2 RRB eek 1/4 Watt Sh Resistor Digi-Key eek 
13 i ERS 470 1/4 Watt Sk Resistor Digi-Key 4700 
14 @ = -R6,R? 10K 1/4 Watt 5% Resistor Digi-Key 10KQ 
19 4 =RB,R11,R19,R20 470K 1/4 Watt Resistor Digi-Key 470K0 
16 2 =R9,RIC 100K 1/4 Watt Sé Resistor Digi-Key 100KQ 
17 § RIO R13,R149 R16 220K 1/4 Watt 5% Resistor Digi-Key 220K0 
18 t R15 100 1/4 Watt Sk Resistor Digi-Key 1000 
19 1 FRI 100KT LOOK/15 turn Trimmer Digi-Key 01815 
20 1 R18 3300 1/4 Watt 5% Resistor Digi-Key 3.3KQ 
21 8 Di-8 1N914 Switching Diode Jameco 1N4148 
22 ! @ enez22A = Transistor Jameco eNC222A 
23 2, ike DPDT DPDT Relay Same as in Amplifiers 
24 tai 8085 Microprocessor Jameco BO8SA 
Cs) i we 74HC573 = CMOS Octal Latch Jameco T4HC573 
26 8 U3A,USA,UI0A ULNe803A Octal Driver Jameco ULNC803B 
2? 3  U3B,USB,UL0B YONC981A Octal Driver Spraque 
28 1 U4 4018 CMOS Counter _  Jameco CD4018 
29 be 305 4049 CMOS Buffer/Inverter  Jameco CD4049 
30 1 & LM3900N Operational Amplifier Jameco LM3S00N 
3! t eau? 2764 GK EPROM *  Jameco 2764-45 
32 1 ws 8156 RAM = I/D = TIMER Jamece 8156 
37 1 ?PI 26 pin Header Socket Digi-Key R304ND 
34 1 al 26 pin Header Digi-Key $23863-R 
3 1 32 6 pin Header Socket Digi-Key WN2004 
36 1 Je 6 pin Hea 
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RFC-8RB Revised: June 10, 1989 
Revisions: B 
Bill Of Materials February 23, 1989 5:08:48 Page | 
Ttem Quantity Reference Part DESCRIPTION 
, 1 ERs: 3.98 MHZ 3.98 MHz Crystal 
é Some Cl \ce,ue 1OMF 10 MF eSV Tantalum 
3 4 3,04 05,06 if iut/S0v Bi-Polar 
4 4 §=6€7,09,010,049 o IMF ol MF SOV Met. Film 
5 Com UE cle eePF 2 PF Dise Capacitor 
6 @ © £13,014 OOIMFM = 6.001: MF Mylar 
7 @  (15,C16 .O1MFM 01 MF Mytar 
8 32 = C17,C18,C19-43 eOUMFD 01 MF SOV Dise 
3 Prag | 7X10K 10K/7 Element Network 
10 Liles Ree 9X 10K 10K/9 Element Network 
1 @ RI, R4 36K 1/4 Watt 5% Resistor 
le 2 RRB eck 1/4 Watt 5% Resistor 
13 1 ORS 470 1/4 Watt 5% Resistor 
14 @ = R6,R? 10K 1/4 Watt 5% Resistor 
19 4. RB,R11,R19 Red 470K 1/4 Watt Resistor 
16 2 R9,RI2 100K 1/4 Watt Sh Resistor 
17 4 R10,R13,R14 R16 220K 1/4 Watt 5% Resistor 
18 f R15 100 1/4 Watt 5% Resistor 
19 ome 100KT 100K/15 turn Trimmer 
20 1 R18 3300 1/4 Watt 5% Resistor 
21 8 Di-8 1NS14 Switching Diode 
22 oaaal encee2?A = Transistor 
23 2 Ki,ke DPDT BPDT Relay 
”) 24 1 ui 8085 Microprocessor 
ed 25 ‘eae 74HC573 «= CMOS Octal Latch 
26 3  U3A,USA,UI0A ULNEB03A Octal Driver 
2? 3  U3B,U9B,U10B UDNC9B1A Octal Driver 
28 1 U4 4018 CMOS Counter 
e9 iy eal) 4049 CMOS Buffer /Inverter 
30 1 & LM3900N Operational Amplitier 
31 1 eu? 2764 8K EPROM 
32 1 v8 8156 RAM = 1/0 - TIMER 
a el eel & pin Header Socket 
34 ene} 26 pin Header 
3 1 . fe 6 pin Header Socket 
36 1) Seee 6 pin Hea 


SOURCE PART # 
Janeco CY3.357 
Digi-Key P2049 
Digi-Key P1132 
Digi-Key P4ses 
Digi-Key P4016 
Digi-Key P3102 
Digi-Key P3103 
Digi-Key P4300 
Digi-Key 07103 
Digi-Key 09103 
Digi-Key 36KQ 
Digi-Key e2kQ 
Digi-Key 4700 
Digi-Key 10KQ 
Digi-Key 470KQ 
Digi-Key 100KQ 
Digi-Key 220K0 
Digi-Key 1000 
Digi-Key 01B19 
Digi-Key 3.3KQ 
Jameco 1N4148 
Jameco eNez22A 
Sane as 1 Amplifiers 
Jameco BO85A 
Jameco 74HC373 
Jameco ULNCBOSB - 
Sprague 

Jameco CD4018 
Jameco £04049 
Jameco LM3S00N 
Jameco 2764-45 
Jameco 8156 
Digi-Key R304ND 
Digi-Key $23863-R 
Digi-Key W204 


b Tat 


Oe mami ete 


2.279 


gecs4 
Serie 
at a 
a0e4 
Ries 
rores 


Goee4 
arity 
enim! 
wr 


at ror ipel 
ae) YOR" otu 
On query 
“te eer ipel 
Craig ein gtd 
(ye, Wan igsd 
iy oped 
Ae VE Baca || 
evs ht hGah ay pe weed 
exU8 branes 
ioe en Tawarh 
pal oo ner 
wpsyse 
j seis Comet, 
CROP.) erenat 


x 


Kav 


yyap® 


ya igi 


yer ig: 


ee init 
yi igrd 
yi~aged 
yor gtd 
ya said 
youre 
yar itil 
yah tga 
yorrp ig 
vas-igid 


ra toed 


atest swe : 


“9 teh WOR Mat 

alt® 
whi wee) seit FSS 
wale WH 106, 

wit WW. 


Te a 


Meee ineesis TO! 
cope faenn!) PO 
wuheieae LO het Ws 
wadaiaes F2 phot WAS 
wt span” ee tia WU 
wher 


Teparess fad bX 


vehaieet FF Vian PV 
niyo cv flee Oy 


Sonedagh 22 tah MA 
‘aoa y? mew! Gi\mel 
wiecge KE Liaw MV 
os goitadin’ 

> Latent 

wasan TOA 
RIO TOOT RUM 
sy oie Gong 
vv fgtsd 
rowed fhiad 
ited) aA) 
yesvawni\ eth’ GOD 


Pyt- 
alg 


“Willigak /anat te wal 


rants 9 


RUT + i= WR 


inde? whet nq 68 
ahews ag 2 
Palced “nee aiq @ 


a 


7 6.) eee 


1 hia Fi 


i 

a SL ; 
hat 
Pit | 


erent 
AER 


eo 
ge 
ane 
AREY 


ee’ 


est) 


‘aah ne ési 


eee ie ive ia 


Te 


ee 
a 


| ~~ 


243 


oe 


se 


9, 03. 
#17, CURE RA OF 


a ee te = 


<= 


- H Ft 
enim ¢ 
is yey 
wm. (ee i 
i & ay 3 
a 
bitty 
ef : mM ee 
a 


42 


‘fod 


N 
14 EN 
K Ee 


Bill Of Materials 


eS = 
— 


RFC-BAP 


~ el i a -) . 


Item Quantity Reference 


o2ow~3 oO tA Ft ND Fe 


a ho -_ 
A oO Car Fe ao ee BR eR ENN Pe oe ¢3 oH = WI Pe CH Or = e be m= fF BD ON = ee BH 


od 
sO BF RP 


a ee 


Revisions B 


Noveaber 8, 1988 
Part 
Ut LHS900N 
V2 4N32 
U3 4041 
V4 4049 
US, US U7 4094 
V6 U9 2803 
U10 4528 
Wil TPO088 
H12 4053 
Kh DPOT 
i 3.58 
C1,C4,C5,C6,C7,C8,C9, Cit, IMF 
€12,C013,034,C2! ,C22, 
C46,CB 
€2,010,023 LOHF 
C3 »OLMFN 
15,016 LHF 
C17 {HFN 
C18, C19, 020,024~45 . OLMFD 
R1,R4,R20 100K 
R2 620/18 
RENFRO RLS, RIT, RIB, 10K 
R19, R31 
R5,R22,R28 220K 
Rb, RT, R21, R23 3300 
RB 620 
R1L, R12, R14 RLS SéK 
R13, R30 100K 
R24, R25 1M 
R26 47 
R27 2200 
R29 6800 
R32 470 
RIS, R34 1000 
R35 £00 
RPL bXL0K 
D1,03,04,D5,06,07,08,09, IN14 
Di0, Dis 
D2 DBLOSND 
81,02 2N2222h 
83 2N3904 
TL TTPC-8 


2:37:57 Page 


DESCRIPTION 


Operational Amplifier 
Opto-Jsolator 

CMOS Quad NAND Gate 
CMOS Buffer/Inverter 
CMOS 8 Bit Register 
Octal Driver 

CMOS Multi-Vibrator 
DINF Encoder 

CMOS Analog Switch 
12 yde DPDT Relay 
3.58 MHz Crystal 

oi MF SOV Met. File 


10 MF 25V Tantalua 
01 MF Poly. 
tut/i00v HP. Cap. 
1 MF 35V Bi-Polar 


1 


SOURCE 


Jaaeco 
Digi-Key 
Japeco 
daseco 
Jasece 
Jaseco 
Jareco 
Jameco 
Jaaeco 
Aroaat 
Jaseco 
Digi-Key 


Digi-Key 


“Digi-Key 


Digi-Key 
Digi-Key 


OL MF SOV Dise(.25 Spc}Digi-Key 


100K £5 turn pot. 
1 Watt §% Resistor 
1/4 Watt 5% Resistor 


1/4 Watt 5% Resistor 
1/4 Watt 5% Resistor 
1/4 Watt 52 Resistor 
1/4 Watt 5% Resistor 
4/4 Watt 5% Resistor 
4/4 Watt 52% Resistor 
1/4 Watt 5% Resistor 
4/4 Watt 5% Resistor 
1/4 Watt 5% Resistor 
1/4 Watt 5% Resistor 
4/4 Watt 5% Resistor 
4/4 Watt 5% Resistor 
Resistor Pack (7) 
Switching Diode 


Diode Bridge 
Transistor 
Transistor 
600/600 Transformer 
14 pin IC socket 
16 pin IC socket 
18 pin IC socket 
6 pin IC socket 
9 pin jack 

9 pin plug 
Connector pins 
Edge Connector 


NOTE: Please supply resistors and diodes with either STRAIGHT leads 
or with leads bent to .400" centers, 


Digi-Key 
Digi-Key 
Digi-Key 


Digi-Key . 


Digi-Key 
Digi-Key 
Digi-Key 
Digi-Key 
Digi-Key 
Digi-Key 
Digi-Key 
Digi-Key 
Digi-Key 
Digi-Key 
Digi-Key 
Digi-Key 
Janeco 


Digi-Key 
vaaeco 
Jameco 
Stancor 


Digi-Key 
Digi-Key 
Digi-Key 
Digi-Key 


PART @ 


LES9O0N 
AN326E 
CD4011 
C4049 
£b4094 
ULN28038 
C4526 
TPS088 
CD4053 
DS2E-K 
CYS.97 
P4525 


P2049 
P3103 
E1103 
P1132 
P4300 
O1BL5 
6200-1 
f0K@ 


220K@ 
3.3K@ 
6208 
56K 
100KQ 
1,0NG 
478 
2.2K8 
&.8KG 
4700 
4.0K8 
1000 
87103 
IN4148 


DBLOSND 
2N2222A 
23904 
TTPC-8 


WM4307 
WH2007 
WH2200 
$13o4 
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Item Quantity Reference 
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C1,C4,C5,C4,C7,C8,C9, CLL, 


012,043,014,C21 ,C22, 
C46, C8 

62,010,023 

C3 


018,019,020 ,024~45 
Ri ,R4,R20 
R2 


R3,R9,RIO RIG, R17 RIG, 


R19, R31 
R5,R22,R28 

Rb RT, R21 R23. 
RB 

RIL ,RI2,R14 RLS 
R13, R30 

R24,R25 

R26 

R27 

R29 

R32 

R33,R34 

R35 

RPL 


D1,D3,D4,D5,D6,D7,08,D9, 


D10, DLL 


Revised: November 8, 1986 


Revision: B 


Noveaber 8, 1988 


Part 


LM3900N Operational Amplifier 


4N32 
404i 
4049 
4094 
2803 
4528 
TPO088 
4053 
DPDT 
3.58 
o LMF 


&X20K 
{NG14 


DBLOSND 
2N2222h 
2NS904 
TTPC-8 


2:37:57 Page 


DESCRIPTION 


Opto-Isolator 

CMOS Quad NAND Gate 
CMOS Buffer/Inverter 
CMOS & Bit Register 
Octal Driver 

CMOS Multi-Vibrator 
DIMF Encoder 

CMOS Analog Switch 
12 yde DPDT Relay 
3.58 MHz Crystal 

oi MF SOV Met. File 


10 MF 25) Tantalua 
OL MF Poly. 

Lut/id0v MUP. Cap. 
4 MF 35V Bi-Polar 


1 


OS MF SOV Dise(.25 Spc}Digi-Key 


100K 45 turn pot. 
1 Watt 5% Resistor 
1/4 Watt 5% Resistor 


1/4 Watt 5% Resistor 
4/4 Watt 5% Resistor 
1/4 Watt $2 Resistor 
1/4 Watt 5% Resistor 
4/4 Watt 52% Resistor 
4/4 Watt 52 Resistor 
1/4 Watt 54% Resistor 
4/4 Watt 5% Resistor 
1/4 Watt 5% Resistor 
1/4 Watt 5% Recistor 
1/4 Watt 5% Resistor 
4/4 Watt 5% Resistor 
Resistor Pack (7} 
Switching Diode 


Diode Bridge 
Transistor 
Transistor 
600/600 Transformer 
14 pin IC socket 
16 pin IC socket 
1B pin IC socket 
6 pin IC socket 
9 pin jack 

9 pin plug 
Connector pins 
Edge Connector 


NOTE: Please supply resistors and diodes with either STRAIGHT leads 


or with leads bent to .400" centers, 


SOURCE PART @ 
Jaaeco LKS9O0N 
Digi-Key 4N326E 
Jaweco Co40i1 
Jaseco CD4049 
Jasece £04094 
Jameco ULNZ8038 
Janeco CD4528 
Jameco P5086 
Jaaeco CD4053 
Aroaat DS2E-4 
Jaeco CY3.97 
Digi-Key P4525 
Digi-Key P2049 
Digi-Key P3103 
Digi-Key E1103 
Digi-Key P1132 
P4300 
Digi-Key O1BL5 
Digi-Key &20W-1 
Digi-Key £0K@ 
Digi-Key 220K 
Digi-Key 3.5KG 
Digi-Key 6208 
Digi-Key 56KQ 
bigi-Key L00KG 
Digi-Key 1, 0NG 
Digi-Key 478 
Digi-Key 2.2KQ 
Digi-Key 6.80 
Digi-Key 470 
Digi-Key 1.0K8 
Digi-Key 1009 
Digi-Key 87103 
Janece 1N4148 
Digi-Key DBLOSND 
Jameco 2N2222A 
Jameco 2N3904 
Stancor TTPC-8 
Digi-Key WM4307 
Digi-Key WH2007 
Digi-Key WH2200 
Digi-Key $1354 
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‘FC-8LI LINK INTERFACE Revised: Deceaber 3. 1989 
Revisions & 


pace trials Deceaber 95, 1989 2242342 Page 1 


Itew Quantity Reference Part DESCRIPTION SOURCE PART ¢ 


i {@ = €1,€2,C3,C4,C11,C12,C14, .iMF +l AP SOY Met. Fila Digi-Key P4525 
€15,C17,C18,C28,C21,C23, 
C24,C32,033,034,035 
2 18 -5,06,C7,C8,C13,C16,C19, .O1MFD .1 MF SQV Disc Digi-Key P4388 
C22,C25,026 
3 3 C9, 018,031 {BMF 10 MF 25Y Tantalus Digi-Key P2849 
4 4 =€27,C28,C29,C38 {MFB 1 MF S@V Bi-Polar Digi-Key P1132 
s) 6 O1,02,D3,D4,D5,D6 IN914 = Switching Diode Jageco 1N4148 
6 8 81,82,93,84,05,86,87,88  2N22228 Transistor Jageco 2N2222A 
2 2 Ri,R2 iM 1/4 Watt 52 Resistor Digi-Key 1.8N0 
| 2 ~—=—-R4 RS 188 1/4 Watt 3% Resistor Digi-Key 1800 
} {6 —-RNI,RN2,RN3,RN4,RNS, SX1@K = SxJBK Resistor Network Digi-Key 85183 
RN6,RN7, RNB, RNLS,RNL6 
18 2 RNG, RNI4 SX22K = SX22K Resister Network Digi-Key 85223 
{1 1 RNIB TMIBK = 740K Resistor Network Digi-Key 87183 
12 3 -RNSI,RNS2,RNI3 AX10K = AX1BK Resistor Network Digi-Key 04183 
13 1 ~—-RNI? SX688 = S688 Resistor Network Digi-Key 05681 
14 2 U1 ,U12 LM39@8N Operational Agplifier Jageco LN3908N 
15 RE i ~ $849 CMOS Butfer/Inverter  Jameco CD4049 
Em) 8 U4,U5,U6,U7,U8,U9,U18, 4066 CMOS Analog Switch Jageco CD4866 
& Uil 
Nae +d). Un 4528 CMOS Multi-Vibrator Jaaeco CD4528 
18 2 =UL4,ut5 4894 ChOS 8 Bit Register Jameco —— CD4894 
19 18 44 pin IC socket 
28 4 46 pin IC socket 
2h i 36/72 pin Edge Connector 


NOTE: Please supply resistors and diodes with either STRAIGHT leads 
Or leacs bent on .488° centers. 


4 vee, MOTTA et 


A A Mw ge 


Sextet ~ 
magne yp 
| | ‘ x : ae. ink) . 
anne yao upit See ae eae, shee 08, ae ; aa 
iA 


esept rovigtd aD OE 
h ‘ Or? 


se yet igil)  aulgdusl ae Of | Wh 
AS wei)  -¢ wor Vea a 
er oveaas b0l0 saisstiaa seRAT ots s0,td 
wESeous o2munl rciztedey? Apia &, sind? “9.0 fel. 7 
(mh. ! yeh cgil yolasaet EC died OYE Wi a ae 
wef w@eipd vetredh ft se ae). By. “i ri i 
+) td towtet veteieeh Mtv =) WON. ~ RO Se 
; ty oat ahaha 
AGE") ya-t3i¢ woiet iolelegh ONT ae af ; 
dive yo ict) twejot votaize) Gat | eet rr a 
Loled (i igil syeuree vateieet WATER’ it an £8, 2, at . 
a4" ya-igid ivowlsl votes COE | "ye | 
NOeITRS aseaal «= ea TET gaa lerateveg? WMI ti] t 
eAgaq? Argent so) teva] tta) bud BOD, | “oo 
6a): ésenei, ~ nadie? pclae! BS adh ait. Ply aan 4 


ot st Le saeeel wale ive id int a ‘ih 
PEMD pen’ offigest 12:65 4h AFAR 


poe wig | 
solsee Ui min oi _—e 
vet en) ae SONRE, aes | 


asael- THOIAMT2 weadin hie debe. bie trotaaeey inland 
_ =, “~aT47 90 *eea, me, A eel oaet 


») 


FC-BLI LINK INTERFACE Revised: Deceaber 3. 1989 
Revision: A 


iy. eytterials Decesber 5, 1989 2342342 Page = 
tte (rts Reference Part DESCRIPTION SOURCE PART # 
i bE: age eh ed a ok os se oi MF SOV Met. File Digi-Key P4525 
C15,C17,C18,C28,C21,C23, 
C24 ,C032,C33,C34,C35 
z 1@ = C5, C6,07,08,C13,C16,C19, .BIMFD 1 MF SQV Disc Digi-Key P4388 
C22,C25,026 
3 3 9,018,031 LOMF 18 MF 25V Tantalus Digi-Key P2849 
4 4 =€27,C28,C29,C38 {HFB { MF S@V Bi-Polar Digi-Key P1132 
- 3 & 01,02,03,D4,05,06 {N914 = Switching Diode Jageco 1N4148 
6 8 Q1,82,93,04,85,96,07,88 2N2222A Transistor Jageco 2N2222A 
7 Pe nl ene iM 1/4 Watt 5% Resistor Digi-Key 1.80 
8 2 =A, RS 188 1/4 Watt 5% Resistor Digi-Key 1880 
3 {8 —- RNA, RN2,RN3,RN4, RNS, SXi@K © Sx1@K Resistor Network Digi-Key 85183 
RNG, RN7 RNB, RNLS,RNIG 
18 2 ~~ —- RNG, RNL4 3X22 OX22K Kesistor Network Digi-Key 85223 
{i 1 = RNIB 7X1BK = 7X18K Resistor Network Digi-Key 87183 
12 3 RNAI, RNI2,RNI3 4XiOK = 4X1OK Resistor Network Digi-Key 84183 
13 1 = RNL? SX688 = S688 Resistor Network Digi-Key 05681 
i4 Zz. , UL ,vi2 LM39QBN Operational Aeplifier Jageco LN39@8N 
13 hog dies 4949 CMOS Buffer/Inverter Jameco CD4049 
bay B U4,U5,US,U7,U8,U9,U18, 4866 CMOS Analog Switch Jageco CD4866 
TAY Uil 
ee le ell cas 4528 CMOS Multi-Vibrator © Janeco C4528 
18 2 -U14,U15 - 4894 CHOS 8 Bit Register Jameco CD4894 
19 18 14 pin IC socket 
28 4 46 pin IC socket 
a { 346/72 pin Edge Connector 


NOTE: Please supply resistors and diodes with either STRAIGHT leads 


“or leads bent on .488" centers. 
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REC 8-RC Repeater Controller Board 


‘che RFC. 8-RC Repeater Controller provides 


you with: all the flexibility and expandability 
you'll need for your repeater. The single board 
controller provides for complete operation of 
your standard repeater, including your control 
link and+remote base transceiver. 


Four COS inputs provide for prioritized selec- 
tion of tie:input signal, allowing local users to 
override link signals. With the optional RFC 
8-RB Remote Base interface, you can have up 
to 8 remote base stations connected to your 
system, providing the ability to build complete 
network systems with just a few components. 


The RFC 8-RC also has on-board CTCSS i 
circuitry.to eliminate interference from adjacent 
repeaters on the same frequency, or to provide 
limited. access to the controllers programming. 
The RFC 8-RC has built in EEPROM memory 
for stormg your favorite settings, eliminating . 
the need for battery backup systems. The 
built-in watchdog timer samples the controller 
processor clock, and resets the controller should 


4 Ye processor lock up for any reason. 


~The optional Autopatch controller (RFC 8-AP) 
provides. complete telephone autopatch interface, © 


with programmable speed-dial numbers youcan . 


assign to. your club members, emergency phone 
numbers, or even long distance access codes. 


Security codes provide for three access levels, 
allowing you to provide limited access to the 
functions of the controller. 


All pragramming is accomplished through 
the TouchTone™ pad on your standard trans- 
ceiver, aver the air, so you no longer need to 
take accomputer to the site (or even make a 


trip to the site) to change the system operation. - 


(Some programming requires a 16-key 
TouchTone™ pad.) 


All of this on a 4.5:x 6.5 inch PC board which 
requires-only 5VDC at 300 ma. And if this isn't 
enough, you get. full one-year warranty on — 
parts an} labor. 


fs Buggested Retail $395.00° 


TouchTone txa trademark of Bell Laboratories 
© Copyright:£889, Kantronics, Inc. All Rights Reserved. 


a) 


_ Features 
4 COS Inputs— 
3 PTT Outputs 


0.4 to 4 seconds Hang Belay Timer 


0.5 to 3.0 minutes Timout Timer 

10 to 30 wpm CW Speed 

400 to 3000 Hz Tone Roreciencies 
Remotely Programmable __ 

Data stored i in non-volatile EEPROM 
8- bit Expansion Port 


1 Laer Control: 


(up to 8 with optional RFC 8. AP) 


1 Remote Base Control 
(up to 8 with optional RFC 8-RB) 


8085A Microprocessor 
Power: 5 VDC at 300 ma 
4.5 iaches x 6. 5 inches 


Card Edge Connector 
(36/72 pin x .100 spacing) 


1 year Warranty (parts and labor) 


Options 


a RFC 8-AP. > Autopateh : 


RFC 8- RB Remote Base Interface 


= Fal a 


a ee 


:. Contact your favofite dealer 
Inquiries 


, 2000 Humboidt St., Reno,.NV 89509 
(702) 827-0133 
, Factory 
1202 E. 23rd Street, Lawrence, KS 66046 
(913) 842-7745 


rfconcepts Is a Division of Kantronics, Inc. 
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RC-8 Port/Memory Assignments 


MEMORY 


8000 - 80FF a ea 8156 256 X 8 


PIA Command/Status 


PIA Port A 

PIA Port B 

PIA Port C 

PIA Timer Low 8 Bits 

PIA Timer Hi 6 Bits and Mode 


PIA Command 
7 6 5 4 3 2 1 0 
THesieT Mee MITES |e TRAN (PC. tl: PCy wAPB el PA 


PA: 1 = Output; O = Input 
PB: 1 = Output; O = Input 
PIA Status 


7 6 5 4 3 2 1 0 
Port A (OUTPUT) , 
FREQ AUX | FREQ AP X8 X2 Xl 
STB STB |RESET} STB 
Port B (INPUT) 
ALARM|BUSY |RING |CTCSS| CTL RMT LINK| RPTR 
COS COS COs COs 
Port ( (INPUT) | 


AUD 2|AUD 1} AUD | RMT | LINK| RPTR 
SWiateowl) | MUTE Pris; Pile} Pre 


AUD 1 SWT: 0 
AUD 2 SWT: 0 
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RFC-SRB REMOTE BASE INTERFACE 
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, Single 13V Power Supply with 10% anh 
» Noltage. Margins _ 2 Seas 


SREP ite: 


a Four Vectored oro ee fs (es ie 


aie 
§ Instruction Cycle (8085AH): : 
us (8085AH- -2); 0. 67 nus ooo ees 


Seat DR eS Ay 4 SS Et ee FS 2 ¥% 


) . Direct addetting Capability to. 64K. 
a iad Bytes of Memory. =). Sie 

pueaioe | tha ee - + a Available in EXPRESS - oof 
® = On-Chip Clock Generatcr (with Pee is - = Standard Temperature Ranges 
* External Pit lta Le or ihe Network) te = Extended eee aekpe Range 


is ti be ce: i hy : ae 33 oe hy, yy Hs wae f 4} 
ue, ~ The Intel® B085AH i isa conc s 8 bit settive Central = payee Unit (CPU) Fr iplermented in 7 N-channel, Sepletion 
: abe _ load, silicon gate technology (HMOS). Its instruction set is 100% software compatible with the 8080A microproces- 
sor, and it is designed to improve the present 8080A's performance by higher system speed. Its high level of system~’ 
i. integration allows a minimum system of three IC’s [8085AH (CPU), 8156H (RAM/IO) and 8755A (EPROM/IO)] SACI 
eirawig total system expandability. The 808SAH-2 and 8085AH-1 are faster versions of the 8085 AH. ~° 


~The 8085AH incorporates all of the features that the 8224 (clock aa and 8228 ein ponolle” 
provided for the 8080A, meoleoy offering a high level of system integration: ;2; .... . - “Ae 


a2, The 8085AH uses a multiplexed data bus. The address is split between the 8 bit address bus and the8 bit data bus. 
: _The on-chip address latches of 8155H/8156H/8755A memory products allow a direct interface with the 8085AH. 
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PAdaress Bus: The most Saniticart | 
_ 8 bits of the memory address or the 


‘8 bits of the VO address, 3-stated 


“during Hold and Halt modes and — 


“during RESET... 
. Multiplexed addreasiDsts Bus: 


~ Lower 8 bits of the memory address © 


(or VO address) appear on the bus 
~ during the first clock cycle (T state) 
‘of a machine cycle. It then becomes 

_the data bus during the second and 
“third clock cycles. ~~ ° 


. Address Latch Enable: It occurs 


--during the first clock state of a ma-- 
“chine cycle and enables the address 


to get latched into the on-chip latch 


of peripherals. The falling edge of _ 


7 ALE is set to guarantee setup and 
-hold times for the address informa- 
tion. The falling edge of ALE can 
also be used to strobe the status 


“information. ALE is never 3-stated. | 


» Machine Cycle Status: 2A 
“10/M S$, Sp Status 


SO a0 “1. Memory write A, ‘ 


Memory read 
V/O write 
WO read = 
_Opcode fetch 
‘Opcode fetch | 
Interrupt 
» Acknowledge 


€s, os voiae an radvanced RW 
“ Status.- “10/M, _So- “and S1 become - 


Poycle and remain 1 stable ‘throughout — 
x the cycle. The falling edge of ALE + 
| 2 may be used ie ieee the’ stat of 
| these lines.’ sa 


Eriesciy: It READY | is high ene a 
»read or write cycle, it indicates that 
the memory or peripheral is ready to _ 
“send or. Teceive data. If READY is 
“low,” the “cpu will wait an integral 
“ number of clock cycles for READY - 
“to go ‘high before completing the 
"read or write cycle. READY must 
3 conform to Peso SI cD and hold ; 
times. oe Mie oe ; 


Hold: Indicates that another master 


is requesting the use of the address 


“and data buses. The cpu, upon 


“receiving the hold request, will 


“relinquish the use of the bus as 
“soon as the completion of the cur- 
“rent bus transfer. Internal process- 
Oe “ing can continue. The processor 
“can regain the bus only after the 
“HOLD is removed. When the HOLD 


is acknowledged, the Address, 


Data RD, WR, and lO/M lines are 
3-stated. 


Hold Acknowledge: Indicates that 
the cpu has.received the HOLD re- 
__ quest and that it will relinquish the 
bus in the next clock cycle. HLDA 
, goes low after the Hold request is 
\.,Femoved. The cpu takes the bus one 
__ halt. glock prvi otter JILOA goes 
low. 


Ginterrupt Aeduert Is used as a 

_ general purpose interrupt, It is 

" sampled only during the next to the 

~ fast clock cycle of an instruction 
=and during Hold and Halt states. If it 
is active, the Program Counter (PC) 

_ will be inhibited from incrementing 
y = and an INTA will be issued. During 
“this ‘cycle | a RESTART or CALL in- 
~~ struction can be inserted to j jump to 


ane Ba ea ‘service foutine. The 


Aanternapt Acknowledge: ts used i in-_ 


fs ‘stead Of (and has the "same timing — 


nih AD, during the Instruction “cycle. 
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ae ‘i week bs m He * Fo aes 
ble 1. Pin Description (Continued) 
| Type 


(Sead OE Te) 


fap inioropt fea none | [RESET OUT |) 0, | ResetOw: Rest Ounces cp 
@. RESTART interrupt. | vet is is, being reset. Can be used 


— 


. ‘Fecognized at ‘the same time as | > ee | = as a system reset. The signal is 


B an k or interrupt E een 
-nas the TOT oer 


aot ok 
*|. Resets In: Sets. the. Program 
_| Counter to zero and resets the Inter- 


= 
E* 


RESET and because of the asyn- 
.chronous nature of RESET, the pro- 
_cessor’s internal registers and flags 


in Pa 


"May be altered by RESET with un- 
predictable results. RESET IN is a 
. Schmitt-triggered input, aliowing 


connection to an R-C network for - 


power-on RESET delay (see Figure 
3). Upon power-up, RESET IN must 
remain low for at least 10 ms after 
minimum Vcc has been reached. 


pl Enable and HLDA fiptops: 
The data and address buses and the 
ontrol lines are 3-stated during 


synchronized to the processor 
clock and fasts an_integral number. 


“of clock periods.” : 


Xj and Xz: Are connected to a 
crystal, LC, or RC network to drive 
the internal clock generator. X; can. 


. | also be an external clock input from} 


a logic gate. The input frequency is: | 
divided by 2 to give the processor's ~ |~ 


4 internal operating frequency. > ~ 


Clock: Clock output for use as a sys- 
tem clock. The period of CLK is 
twice the X;, Xp input period. =” 
Serial input Data Line: The data on 
this line is loaded into accumulator 
bit 7 whenever a RIM instruction is 
executed!) © = = 


Serial Output Data Line: The out- 
put SOD is set or reset as specified 


For proper reset operation after the | pete |.) = | by the SIM instruction. 
should be kept low a minimum of «| Power: +5 volt supply 

three clock periods. The CPU is held ee Ground: Reference. 

in the reset condition as long as =2 


z * 
TB mach . 
S , 


TT SSRaL DEH Serer, ee ee I ee ete ee 
E*S¥ Sas le 2. Interrupt Priority, Restart Address, 


Reh ee ‘ 3 % a . * 


and Sensitivity 


Address Branched To (1) _ 
. When Interrupt Occurs ‘ 


“9° Type Trigger 
[2a | Rising 0d9e AND high level uni'sampled 


1. The processor pushes the PC on the stack before branching to the indicated address. br te as 


- 4 2 The address branched to depends on the instruction provided to the cpu when the interrupt is acknowledged. 
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APPLIED POWER SUPPLY RAMP UP TIME. 


‘ee 
a 


Power-On Reset Circuit 
iy Hina Bo eigen 


S Sates rena 


‘ 9 "i 
| ae. om 
i, ‘ 
his Nd 
al 
d / ¥ 
4 ‘ 
y “ 
‘ af 
1} ; 24 
° 4 L 
rr . if ta 
3 ; ye belie ie | loth Cte ers 
O18 OS Peed byeuR eK we} ey i PS an Fo 
wt oo 4 Sg) a EY of ‘ 
: ladaa Le ba a at “4 to What Wil 
f : yy ML os at ~ cre 
; mca - or ; f ‘ or a" pre 
ey n \ <* 
eK 2OPe 5 Was intreijH acl pithits A PSD ei 7 PK 0 me 
(ere Wiad na det oaks i ‘ , ; . 
tae a hic a aces 
ts wal tes ae 8 MMU! car tik Lae Sabon NYG, a 
A gd fotoivi aah ; Syetnhe* uh hah ae 
} peice Lyetnte-® saht Rak Laval yeas ¥ : 
k i oO IA ! é : Pin 
Ler In | eye soo hele FER . 
. . , a d ' bo ae —" : + r ae ‘ + 3 Peas ; 
' : won rf “> ; 4 oc) Fe 2 papayas hat Tite: 4 1 oa A : 
, -7 r 4 ar eee 
0 j OLS «shi . y SRes Se Srey nergy bi at ae 3 é 
gk yh ail) cok Mah te -su Ate YSBRR Wadeicieel: | isa d 
ee oe - ’ ‘ ) : vate ¥ ‘ : i 7 
iets lt ous PE . 2 AO TSEIB Pheer Why iow a , a: 
fos ( 7 vit ; ‘ i , anak. oT) ph 
weelehsaienterdine sir oped | || griwatin- ny voir bo 
: : \ Hawt O49 dy ef Aeiboes twine =a 7) 
¢! = ay Paes A 
Pop seas , ‘ aa ° 
| : oe. a eB a0 Ta i wiekte 
bid mi , i ms IE IN quanme aod ie ) ea 
; | i 2 Ol fase 40 ee Hr tienes fae 
1% 4 bo Leet eet aa aie ite an eden fe 
ws 4 ' ni Sree io A aw ‘epengey “lah 7015 O74 5 er < ‘ om 
, ; ne rape das : Li 
ge 1F Shain ers; n> RS 
bi se Vel Ne ae tad § : 
. ‘ i é pS te He S ol Pqew ed Mlucwls . wi “ig 
| vi > shy 1 et tat y ahen ba ASO ees { ‘ > a SS 
mere & si ON mm nob tim wey nt ae 7 7 A 
é i deahengh He aN: java [ * 
ne: a a eas eS i ee 1 Ath a wi 
ae cate via ao doh 
: Se : F Hirai U9 
+ meee i oe 5 li, ee 
(1) oT betocnag Fy Fe 
som ot. er a f megaO i nh 
P OnHs : 
> { Oe 2 
‘ Ui 
, a sonaj nicietaonst he A 
_ bie ie 4 r .) , 
F i " 
4's * _ ' . ee ee ee Throy aoe Ghee 
ae eiidie shi Bi vias wht i ' o\ wo « a Ae: ik ¢ 
a at 0 ~_. Ce Es ye i\ienmaiee Lit Onli D > dg. o 
‘ 0 ln: a ada 
\ 5 wt wii at ooh -~ + . para 
3 vb eu ie rh at © yt eres seeders eal aes bin 
: WOOTIG Ge heer is A Laie! v1) On babiwrig polteeiapa at heathy eae! 
‘ iS Peal 7 x ; eid Pid 
P r a ' aw Lf 
ere no idl ° - - —_ ie + ——* 5 mh 
a nl = BPN 
, we + 
- j 5 : - ; ‘ nn: Wwe Al 
op, ys —S eovae jon. 
i “ ‘ rs 
ere , Le et af ‘ ly 4, 


: Tt EN Te ROY Mow yi ER i. ger ts 
|} 4 eT ee ae , jee © 
F _ Nee hab Ma 0 at Seta ‘ 
¥ Of AO Wart Dining ine, 4 ai a Pn 
; 4 ‘ SUE ke TROL AON GM me 
i 


: ; / 2 ee? wy 


‘ if /. 

r fi AS ani’ ’ Ay a 

i a Mi ae i a 
mee { 


oo i “ ile a 


ig 


3 


signal (INTA) i is ‘also provided. HOLD and all Inter-_ 


“ina al Pattee ad HAC arto At! Vellidaem ee 


2 ~The three maskable interrupts cause the internal 
execution of RESTART (saving the program counter 


The 8085AH is a aqRee 8-bit parallel central. pro- _in the stack and branching to the RESTART address) 
cessor. It is designed with N-channel, depletion load, if the interrupts are enabled and if the interrupt mask 
silicon gate technology (HMOS), and requires a single - : ‘is not set. The nonmaskable: TRAP causes the inter- 
+5 volt supply. Its basic clock speed is 3 MHz (8085AH), - nal execution of a RESTART vector independent 


5 MHz (8085AH-2), or 6 MHz (8085AH-1), thus improv- of the state of the interrupt ¢ enable or masks. (See 
ing on the present 8080A's performance with higher ‘Table 2) 2 


system speed. Also it is designed to fitintoa minimum _—: oe ae poke 4 af 
system of three IC’s: The CPU (808541), a RAM/1O ‘There 2 are two different res of inputs i in ‘the restart 
Bier). and an, SE BONC chip ere at sais” interrupts. RST 5.5 and RST 6.5 are high level- - 


Nerwe )t nENoes rR lelSstee A wonauped 63 xe <3 Sensitive like INTR (and INT on the 8080) and are 


» ‘recognized with the same timing as INTR, RST 7.5 is 
The 8085AH has twelve anareecanle 8- bit registers. _ rising edge-sensitive. Ne. eee oe 


Four of them can function only as two 16-bit register oe soar 
‘pairs. Six others can be used interchangeably as 
8-bit registers or as 16-bit register pairs. The 8085AH 
register set is as follows: 


‘For RST As 5, only a pulse | is eared to seta an inter 
. ‘nal flip-flop which generates the internal interrupt 
request (a. normally high level signal with a low 


Mnemonic 2c Register. s2= ae Contents going pulse is recommended for highest system 

RCC OrA Asawa eee bits eon noise immunity). The RST 7.5 request flip-flop 

ae Program Counter _ ,.16-bit address remains set until the request is serviced. Then 

eds 5 vc pene Purpose a, ‘B aye 6 oe heal : ; dt is reset automatically. This flip-flop may also be 

Mies ae Begisters: data a “16 bits x3. a3! =: -reset by using the SIM instruction or by issuing a 

oR er ; ae pointer (HL) - 2f""> = toe “RESET IN to the 8085AH.. The RST 7.5 internal flip- 

a et. Sate Jeep eaten : # “ye-bit address Ky flop will be set by a pulse on the RST 7.5 pin even hen 
ait » > when the RST. i? interrupt is masked cathe tT ank; 3 

Flags or F _ Flag Register . 5 flags (86-bit space)  WAlsi.-& Bningtuee® Sulnle Siietelinntelnt ean 


The 8085AH © uses a multiplexed Data Bus. The — _!The status of the three RST interrupt masks can only 
address is split between the higher 8-bit Address . ‘be affected by the SIM instruction and RESET IN. 
Bus and the lower 8-bit Address/Data Bus. During __ (See SIM, Chapter. 5 of the eS. itiels User's s 


the first T state (clock cycle) of a machine cycle the Manual.) «°)c8 23-0: Sebenl HG Siserient 

low order address is sent out ' on the Address/Data aS Mae a eat 

bus. These lower 8 bits maybe latched externally by - The interrupts are arranged in ¢ a fixed priority that 

the Address Latch Enable signal (ALE). During the . . determines which interrupt is to be recognized if 

rest of the machine cycle the data bus is used for | © ‘More than.one is pending as follows: TRAP— => 
memory or VO. data. ° mt coh ae a 2) QoS? Ah bad highest priority, RST 7.5, RST 6.5, RST 5.5, INTR— BP 


SA gota ep FS eee b Stans ~ lowest priority. This priority scheme does not take oes 
The 8085AH iprovides, RD. WR, So. Si ‘and OM = into account the priority of a routine that was started — 
signals for bus control. An Interrupt’ Acknowledge by a higher priority interrupt. RST_5.5 can interrupt 
“an RST 7.5 routine if the interrupts are re-enabled ae 
‘before the ase of the RST. 7.5 routine. ge 


rupts are synchronized with the processor’ S ‘internal _ 

Clock.’ The 8085AH also provides ‘Serial Input | Data 

(SID) and Serial Output Data OD) fines 5 Jr simple | 

-Serial interface. ~ : 

Bone papa bes Oa ; 

In “addition 1 to these features, “the -g08sAH has three 
-maskable, yector i ‘interrupt f pins, “one ‘nonmaskable - 


TRAP interrupt, and a bus vectored interrupt, “INTR.’ 
‘SA Be gypFuGiOcd Oats WOLSIS M  G ie sore BOG 


INTERRUPT (AND SERIAL I/O pend: 


Ramat 


“recognized, fee as. ‘any. ‘other. ‘interrupt but has the 
highest priority. Itis,not: affected by any flag or mask. | i 
“athe TRAP input. isboth edge and evel sensitive. The 


“goes Jow, then. high, poalrttnis: se pee ‘any, false 


~The 8085AH has 5 interrupt inputs: INTR, i, RST, S. 5, Pees due to noise or logic glitches. Figure. 40 


-RST 6.5, RST 78 5, and TRAP, INTR is “identical in” 
function to the 8080A INT. Each of the three RE- > 
START inputs, 5.5, 6.5, and 7.5, has a programmable 
mask. TRAP is ak a Atel Mela but Mu is 


pike (TRAP, RST 7.5, RST.6.5, RST 5.5, INTR) 
- disables all future interrupts (except TRAPs) until a an 


, Ss 
win. bavi? 208 y nae ae CEO {Outs BR 


ee i i . 5 T 4 Fi } Bevel Z Shad bai : a4 ¥ re ihe veins, 0] ww Ve i 
as i ; bys tet a.% hee i ;. 
yn Be varios hong aint Yinoly, feewoln iis Stns oe meaner ward: 
‘ Cow ier Son Se ay FMI BT TET eee S750 . i Al bee (a ne wh Oe hiv 5 
ry natant ea BG 2 ray . efter it “a aobefw cad Relates) f A skip tet wo) ae = i 
i. al 9 i 4 i 4 fo F a > . j ’ ie i } ; LION apts Vs fi Ces ‘no x “ibs ~t . 
Fi y ‘Mee A : $0. art Ww . é wrotad: Hr arte »* tack eed) Lowe meting 
= AY ~¢ 7 : Eh - = ‘a i i ae Be utr ai¢ 4 ows ea ited Br oY 
POW. be: “a ‘ ig peat ges” , oe 2 BAe 
2 ‘ su ’ ‘ ‘ is at ie 
OF eg gust t siete’, 
+ ‘ es hf 4 * 
i , Lom 
ae ‘ “ is val 
i \ 7 mF Nes? is 


Po » 
vfs . 


Ts emt mn Re TARA Se i kh pl ke 


: 
« - 
ay ‘ 


. 

aes — — em pong sage 
j a We 
a : Lo svete ‘ ae i 

i iy thay |, 

i Tks art | 

3 r% My 

' 
5 j 4 

iy 119 agai © 


srifiore yd Gri Ate Oris ae “og ar 
| a hoa beldene ene atquriatitet it 2.) ae rater sie ie 
: Lesage! aA 3 Aaene me wt few Jon aly gs Ne & Banihappan noi wasp 
buna # ) TOATEIA & 1D nolfisexe lant” Agena) id be ora all 7 

| Mabnegenay% auciainl grit Yo atetn ort 12 | -ROkGroD AIR A ree Sie i 
: aa ab (2 ale? sf no riley Oona 4 ince 
c yu 4 Loe ares 
vee sar ti . 34 A LAM 4 ; () agora trey 


4 2 TOM seaiieaiin “ce BL ates rom 


% 7 Viv ' ‘ 
\ * . v ie . . af ens 
‘ ' Ai oo TV boa) Bi yee ‘ Te a NAP Ae Ce 


b <cghaelabritci harap ce wr ehuenen. Ae ; aldaawey bas) yan ped en td 
i" - ‘0 ‘ /' 
: siaiogy tid-Br Gow bank Vines malta 2 ap 08 


Se usct RigoMa ay? nh ddeocnsdoettt bars PP ortie 
yor 4 oF al’ }* , BOSE: oe lay Latalo "i gaa" 4 a0 Se 


Or SeiGroney Mow OI ° : | . sonotio’ 2x ai foe ¥ 


— le ~~) : ' - hace 


~ Z > ie ‘ ” o teat 
by cy 34% . TY, ’ ' +, Stranriis i iw nee t 


j 1 4 Ja: : = : ‘| Hy aie) is 

eid a. ome a 
. e@arbbs he-Oiie Sr a te C4an% of 
i . a 


y a | ‘ 
ai sad ies 
‘ ’ alg fV i 
4 + ip & ‘ i 
. * ‘ 3 i ves hs | 
= 
w J _ 
a * > 
ss (ac a sly 
© 


‘Ae . sia © ot? cue et) bekeeten. 23 
‘ s 1eloutien Mic om ya ite tl ee tDbA fid-3 vedi orte haves 
: ely, i to 2 vata AMS ae?) iw eu heChsawttsk Nae cover 

. hh, -) wot) eiays omiiomAl a Te lays oiio) othe tm sh E 
. " vi, sealed NBA oft 1 Tbe hg. 2! ven toe we 
ryol' pe ow eiquneinl oft. c” Ve \Vileralet bial aeiyeen ae F awe 
6M A mate node nioisk... eit gattyG ae weighs. 3 3 hut ) dewtestal 

a valtol £5 1G a ar it g10m vil - el cud ata an stow oh crosses bs % 


is > ; pe} 7 la: Wht ‘sh te ak Mi 

pen evs be. od atv i SANA oe TG ope aan 
4 ; al v ver A ly aa » fr} sr th Deis ‘. a 
CGT Ca aes Sa Oe ‘ 
bt ees arg? a) BO ¢ y} epee ui, <4 OWN Wy alt’ 
! 1 sg ¥ OVA ei TA rusye ¢ OM. De ae ey, en 

5 a) 

SWISS at) | THe: ”% ANY, ‘ent tat 
s vne 6 we vied Gi en i wow HASROS ry ‘oH mh 
7 12 Oph Aatat Mita toh 


ia 
jean ihre 


; 


INTERRUPT. . 
REQUEST: 


rupts, but preserves the previous interrupt enable 


the TRAP. All subsequent RIM instructions provide 
current interrupt enable status. Performing a RIM 
~ instruction following INTR, or RST 5.5-7.5 will 
a provide current Interrupt Enable status, revealing 
- that Interrupts are disabled. See the description of . 


- The serial V0 ane in also pontoled im the RIM” 
~_- and SIM instructions. SUER: is read Dy sla and SIM. 
ae ae pe SOD data. ees TOR ed ee 


s "DRIVING THE X AND Xe INPUTS Seer: 

Kan ie? te ants Yaa? ‘Se 24% « % 
You may drive ane rock inputs tof the 8085AH, 
8085AH-2, or 8085AH-1 with a crystal, an LC tuned 
_ circuit, an RC network, or an external clock source. 

~ The crystal frequency must be at least 1 MHz, and 
must be twice the desired internal clock frequency; 
_ Hence, the 8085AH is operated with a 6 MHz crystal 
- (for 3 MHz clock), the 8085AH-2 operated with.a 10 
= MHz crystal (for 5 MHz clock), and the 8085AH-1 can . 
“=~ be operated with a 12 MHz crystal (for 6 MHz clock). . 
- If a crystal is used, it must have the following 
characteristics: Mont is atin of Gsb geese 


pete THER A ae na 
as ae ot) 


aes F wt NAO 
_The TRAP interrupt is special in that it disables inter- ; 
~ status. Performing the first RIM instruction follow~ 


ing a. TRAP interrupt allows you to determine. 
whether interrupts were enabled or disabled prior to . 


the RIM Tica in the Se anctaoe Amu Shall s~ 


pe eae 


Cy (load ee ccaneny < 30 0 pF 4 
Cg (shunt capacitance) : <7 pF 
Rs (equivalent : shunt resistance) ‘<= 75 Ohms 


aig ee 


Frequency ‘tolerance: 
Note ahs use of the 20 pF capacitor between % and 
ground. This capacitor is required with crystal | fre- 
quencies below 4 MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC circuit © 
“may be used as the frequency-determining network 
for the. 8085AH, providi ing that, ‘its. frequency © 
tolerance of approximately +10% is ‘acceptable. The 
components are 8 chosed from, the. formula: a 


ete pS 


: oe ve 2rVUlCon + Cin), 


To minimize ‘variations in frequency, it is recom- 
mended that you choose a value for Cext that is at 
least twice that of Cjpt, or 30 pF. The use of an LC 
circuit is not recommended for frequencies highes 
ane approximately 5 ee 


: An RC circuit may be teed as ithe Etreatency? 
determining network for the 8085AH if maintaining a 
precise clock frequency is of no importance. Var- 
iations in the on-chip timing generation can cause a - 
wide variation in frequency when using the RC 
mode. Its advantage is its low component cost. The 
driving frequency generated by the circuit shown is 
Cone imaiy 3 MHz. It is not recommended that 
frequencies greatly higher c or lower than this be 
aE 


4 


Figure 5 ehDwe the Pee anended rock driver ¢ cir- 
cuits. Note in D and E that pullup resistors are re- 
quired to assure that the high level voltage of the 
input is at least 4V and maximum low level Rote 
= Of O.BV.55. 4328 Ig! 


Ee 5-1 oye Wire oe) 3 x Rh hf nl 4 


.. Pie 


For driving frocenclee up to and including 6 MHz 
. you may supply the driving signal to X; and leave Xo 
open-circuited (Figure 5D). If the driving frequency . 
is from 6 MHz to 12 MHz, stability of the clock 
generator will be improved by driving both X; and Xo 
with a push-pull source (Figure 5E).. To prevent 
self-oscillation of the 8085AH, be sure that Xo is not 
coupled Es to ms rough the ee circuit 
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The Intel® 8155H and 8156H. are RAM and 1/0 chips aeons in N-Channel, depletion load’ eleon ale eeenenioay 
- (HMOS), to be used in the 8085AH and 8088 microprocessor systems. The RAM portion is designed with 2048 static cells 
organized as 256 x 8. They have a maximum access time of 400 ns to permit use with no wait states in 8085AH CPU.The 
_ 8155H-2 and 8156H- é have maximum access times of 330 ns for use with the 8085AH- 2 and the 5 MHz 8088 CPU. 
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- : Thel/O portion consists of three general purpose 1/O ports. One of the three ports can be programmed to be status 
pins, thus allowing the other two ports to operate in handshake mode- ee he a ae ee 


’ A 14-bit programmable counter/timer i is ‘also included on cue to provide either a square wave or terminal count pulse 
D - for the CPU eC! sepencnd: on timer mode. 
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Name and Function 


ao —— ne ee ee ath Anata des 


Ranst: Pulse Beoriod by the 8085AH to initialize the system (connect to 8085AH RESET OUT). Input _.. 
high on this line resets the chip and initializes the three 1/O ports to input mode. one width of RESET 


pulse should typically ‘be two 8085AH clock cycle times. 


Address/Data: 3-state Address/Data lines that interface with the CPU lower 8-bit Address/Data Bus. 
The 8-bit address is latched into the address latch inside the 8155H/56H on the falling jy edge ofALE. The - 
_address can be either for the memory section or the I/O section depending on thelO/M M input. The 8-bit 

data is either written into the chip or read from the chip, depending on the WR or AD input signal. 


Chip Enable: On the 8155H, this pinis CE and is SRDS LOW. On the Sis6r. ae pin is CE and is 
ACTIVE HIGH. .. = ne : B 


Read Control: Input low on this line with the Chip Enabie active enables and ADo-7 buffers. If 10/M pin 
is low, the RAM content will be read out to the AD bus. Otherwise the content i oe selected W/O port or = 
command/status registers will be read to the AD bus. 
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- Write Control: Input low on this line with the Chip Enable active causes the data on the Address/Data 
- bus to be written to the RAM or I/O ports and command/status register, depending on !O/M. 


arene gece 


Address Latch Enable: This control signal latches both the address on the eee lines and the state 
of the Chip Enable and IO/M into the chip at the falling edge of ALE. =~---~——~. 


Port A: These 8 pins are general purpose I/O pins. The in/out Seon is eorocio by programming 
the command register. : 


Port B: These 8 pins are general cube 1/O pins. The in/out direction is Cages by programming. 
the command register. - —- # 
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PortC: These 6 pins can function as eines input Aor output port, or as control signals for PAand PB. 


Programming is done through the command register. When PCy_¢ are used as control signals, mney 
will provide the following: one, 


PCo—AINTR (Port A Interrupt) = Sg se 9 oem 


PC; — ABF (Port A Buffer Full) #1) ste Heareisere we: git 

PC. —ASTB (PortAStrobe) Ce Se ym igt . 

PC; — BINTR (Port B Interrupt) Ps foi sen mire Hen ae 8 oma steno . 
PC, — B BF (Port B Buffer Full) =< SER IOP ETT OREM SSeS IR 
PC, — B STB (Port B Strabe) 


TIMER IN Do Timer Input: Input to the counter-timer. 


TIMER OUT enor Timer Output: This output can be either a square wave or a pulse, depending on the timer mode. * ~7 =} ~ 
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NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND AC. ‘CHARACTERISTICS. 


PROGRAMMING OF THE ~~ > 
COMMAND REGISTER ee! 

The command register consists of eight latches. Four 
bits (0-3) define the mode of the ports, two bits (4-5) 


enable or disable the interrupt from port C when it acts 
as control port, and the last two bits (6-7) are forthe timer. - 


DEFINES P 
a 0 = INPUT 
1 = OUTPUT 
DEFINES PBo,7 2 


The command register contents can be altered at any Dog ALT 


time by using the I/O address XXXXX000 during a WRITE-— DEFINES PCos |, M17 a ry 
operation with the Chip Enable active and 10/M = 1. The . 2 10 = ALT 4 


meaning of each bit of the command byte is defined in 
_. Figure 5. The contents of the command replete sy 


‘ENABLE PORT A_ 


y ect i i INTERRUPT.» |_ 1 = ENABLE 
ct = re 4 ed ae ENABLE PORT B,. | 0 = DISABLE 
“. S : Reel ty gn. Sh oe ; . ee t INTERRUPT: : - ‘ ae 

RR RN TE SRN ie ten eames, gage en ne etme gre he chapman 8 phe men me ef renee ra . Sg tmte 

. eae ot ae ; Ree tin es ae Bi BES OS 3 tile oe 
SpA +29 pers Taek 2 as ae NOe_ DO NOT AFFECT COUNTER 
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OPERATION 

STOP — NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS 
RUNNING 

STOP AFTER TC — STOP. IMMEDIATELY ¢ € 
AFTER PRESENT TC !S REACHED (NOP 
1F TIMER HAS NOT STARTED) 


START — LOAD MODE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER Teese Tc 

1S REABHED: 


_ READING THE STATUS REGISTER _ 


s The status register consists of seven latches, one for each 
bit; six (0-5) for the status of the Bete and one (6) for the 
status of the timer. a 


aid 


The status of the timer and the I/O section can be polled 

by reading the Status Register (Address XXXXX000). ~~ 
Status word format is shown in Figure 6. Note that you 
"..May never write to the status register since the command ... 
= register shares the same I/O address and the command: 
“a register is selected when a write Ao that address i is issued. 
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interrupt that the 8155H sends out. The second is an 
~~ output signal indicating whether the buffer is full or 
=< empty,-and the third is an input pin to accept a strobe 

“for the strobed input mode. (See Table 2.) - : 
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The ‘1/0 section of the 8155H/8156H consists of five r regis- 
‘ters: (See Figure 7.) Sy SP oes, “Figure 7. VO Port and Timer Addressing Scheme 
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A INTR (Port A Interrupt) 
A BF (Port A Buffer Full). | - 
“© A STB (Port A Strobey~ [- 

B INTR (Port B Interrupt)... 
~~ B BF (Port B Buffer Full)” 
~ B STB (PortB 3 Strobe} ¥ 
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The > timer is a 14-bit goat Pouster that COUNTS: the TIMER i 
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that you.can writé a “1” to a bit position that was previ- = The timer has the vO adores XXXXX100 forthe low order 
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The counter in the 8155H is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 


Bits 6-7 (TM2 and TM1) of command register contents 
are used to start and stop the counter. There are four 


commands to choose from: does stop the counting. Therefore, counting cannot begin 

= in Hh BGR ETT Sas - | following RESET until a START command is issued via the 
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> 5 f : MCG. 
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WRITING ASSEMBLY LANGUAGE PROGRAMS 


The Heath Assembly Language program (ASM) lets you use source (symbolic) 
programs using letters, numbers, and symbols that are meaningful as they are 
abbreviated in English statements. These source programs must be generated 
with the Heath Text Editor (EDIT). ASM assembles the source program into a 
listing and an object program in absolute binary format executable by your 
Computer. 


This Manual assumes that you are already familiar with the writing of assembly 
language programs. Also, because of the many cross-references in this Section, 
we recommend that you read all of this Section to get a good ‘‘feel” for ASM. 


ASM is designed to produce programs which run in an H8/H89 system; there- 
fore, it assembles 8080 symbolic assembly code. When it is used with 16K of 
memory, ASM provides for approximately 350 user-defined symbols. 


This Software reference Manual presumes that you have read the Operation 
Manual and are familiar with the 8080 instruction set, I/O formats, memory 
formats, and front panel configuration. A thorough knowledge of these facts is 
vital to efficient assembly language programming. 
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THE CHARACTER SET 


The Heath Assembly Language source program is composed of symbols, num- 
bers, expressions, symbolic instructions, argument separators, assembly direc- 
tives, and line terminators, all using ASCII characters. Those characters that are 
acceptable to ASM are listed below. 


1. The letters A through Z (lower case letters are acceptable for quoted 
strings and comments). 


2. The numerals 0 through 9. 


3. The characters period (.) and dollar sign ($), which are considered 
alphabetic. 


4. The symbols: 
peaeo a (msc: Vela eae a 


5. BLANKS and TABS. 


STATEMENTS 


A source program is composed of a sequence of statements, designed to solve a 
problem. Each statement must be on a single line. 


A statement is composed of up to four fields, identified by the order of appear- 
ance and separated by BLANKS and TABS. The four fields are: 


LABEL OPCODE OPERAND COMMENT 
The label on comment fields are optional. The opcode and operand fields are 


interdependent; either may be omitted, depending upon the contents of the 
other. 
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The Label Field 


The label field always starts in column one. A label is a user-defined symbol 
assigned the current value of the memory location counter. It is a symbolic 
means of referring to a specific memory location within a program. Most state- 
ments do not require a label. If you do not want a label, column one must be left 
blank or contain a TAB. Although the label is usually used to allow symbolic 
reference to the address of the labeled instruction, the SET and EQU pseudos 
make special use of the label field. 


A label must start with an alphabetic character, and it consists entirely of 
alphabetic or numeric characters. The maximum length of a label is 7 characters. 
Note that the characters ‘‘$” and ‘‘.” are considered alphabetic. Therefore, the 
following are valid labels. 


A A3 .C9D4 START .. $END END! PGM 
For example, if the current location counter is set to 042 200 and the statement 
START MOV A,B 


is the next statement, the assembler assigns the value 042 200 to the label 
START. Subsequent references to START refer to location 042 200. 


The Opcode Field 


All statements (except the comment statements) must have an opcode field. The 
opcode field need not be located in any particular column. However, it must be 
separated from the label field by at least one blank or TAB. If no label is specified, 
the opcode field may start in or after column 2. 


The opcode is either an instruction mnemonic or an assembler directive. When 
the entry in the opcode field is an instruction mnemonic, it specifies a machine 
operation to be performed on any following operands. When it is an assembler 
directive, it specifies certain functions or actions to be performed by the assem- 
bler during program assembly. 


The opcode field is terminated by a blank, a TAB, or the end of a line. 
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The Operand Field 


The operand field follows the opcode field and must be separated from it by at 
least one blank or TAB. Not all opcodes require operands. The operand contains 
information used by a machine instruction or, in the case of assembler directives 
(pseudo opcodes or pseudo ops), it contains information to be used by the 
pseudo op. 


Operands may be symbols, expressions, or numbers. When multiple operands 
appear witha statement, each is separated from the next by acomma. An operand 
may be followed by a comment. 


The operand field is terminated by a blank or TAB when followed by a comment, 
or by the end of a line when the operand ends the assembly statement. For 
example, 


START MOV A,B THIS IS A COMMENT 


The TAB between START and MOV terminates the label field; the blank between 
MOV and A,B terminates the opcode field and begins the operand field. The 
comma separates the operands A and B and the TAB terminates the operand field 
and begins the comment field. 


The Comment Field 


The comment field follows the operand field, or the opcode field if no operand 
field is present. It must be separated from its preceding field by at least one blank 
or TAB. The comment field is not processed by the assembler and it is designed 
to contain documentary information. The comment field is optional and may 
contain any printing ASCII character. All other characters, even those with 
special significance to the assembler, are ignored by the assembler when used in 
the comment field. 


A statement with an asterisk (*) in column one is taken as a comment statement 
and is not otherwise processed by the assembler. A totally blank line is also taken 
as a comment. 


Heath Assembly Language | 


Format Control 


The format of an assembly language program is controlled by the blank and TAB 
characters. Format control is primarily used to produce a program which is 
easily read. Format control has no effect on the assembly process of the source 
program. The following two statements are interpreted identically. The first one 
uses blanks and the second uses TABS. 


START MOV A,B THIS IS A COMMENT 
START MOV A,B THIS IS A COMMENT 


OPERAND EXPRESSIONS 


Except when the opcode is a machine instruction requiring that an 8080 register 
be specified as the operand, all operand fields may be coded as operand expres- 
sions. Such operand expressions are made up of integers, symbols, a special 
origin symbol, and character strings which may_be combined, using certain 
operators. The operand may also be the origin symbol. The expressions are said 
to be made up of operators and tokens. No parentheses are allowed nor is any 
operator precedence recognized. Therefore, evaluation is strictly left to right. 
The result of any expression must fall between —32,767 and 65,534. 


Operators 


ASM recognizes 5 operators. They are: 


uF Addition of an integer arithmetic expression. 

7 Subtraction of an integer arithmetic expression. 

‘ Multiplication of an integer arithmetic expression. 
/ Division of an integer arithmetic expression. 


= (unary) negation of a standard integer arithmetic expression. 


Note, the unary minus is valid only as the first character in an expression. The 
following are examples of legitimate assembler operand expressions. 


Seo 
—2, (unary) 
1+2*3 


Note that the last example evaluates to 9 rather than 7, as the assembler does not 
recognize any operator precedence. Therefore, it evaluates the expression from 


left to right. 
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Tokens 


Heath Assembly Language recognizes four different tokens: integers, symbols, 
character strings, and the origin symbol. Each of these tokens has the limitations 
described in the following sections. 


INTEGERS 


Decimal integers ranging from 0 to 65,535 are allowed, but no decimal place may 
be specified. The radix of an integer expressions is assumed to be decimal. 
However, you may specify binary, octal, offset octal, decimal, or hexadecimal. 
Specify them by using a post-radix symbol following the integer expression. 


B Binary 
OorQ Octal 

D Decimal 

H Hexadecimal 
A Offset Octal 


For example: 


EXPRESSION RADIX DECIMAL VALUE 
000 00011B Binary 3 
160Q Octal (also 1600) 112 
3200 Decimal (also 3200D) 3200 
77000A Offset octal 16128 
021AH Hexadecimal 282 
LEGAL INTEGER ILLEGAL INTEGER COMMENTS 
EXPRESSIONS EXPRESSIONS 
232 GES Decimals may not be specified 
10111B 226B Not a binary number 
177Q 888 Not an octal number 
A1FH 21C No hex radix specified 


If an integer expression evaluates to less than — 32,767, or greater than 65,534, an 
error code is flagged. 
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SYMBOLS 


An expression may contain any user defined symbol. Although most symbols do 
not need to be defined sequentially before the referencing statement, some 
pseudo operators require all their operand symbols to be defined in earlier 
statements in the program. Such operators are said to require “pass one evalua- 
tion” and are documented in “‘The 8080 Opcodes’”’ (Page 4-10). All symbols must 
consist of legal ASM characters. 


The # Symbol 


If the pound sign (#) is the first character in an expression, the expression is 
evaluated as a 16-bit expression. After the expression is evaluated, the resultant 
value is masked to an 8-bit equivalent. Once this is done, a 16-bit operand may be 
referenced in an instruction requiring 8 bits without causing an overflow (V) 
error. For example: 


MVI H, ADDR/256 
MVI L,#ADDR (HL) = 16 bit address 


In this example, the first line of code loads the H and L register pair (16-bit 
register) with the binary value associated with the label “ADDR” divided by 256. 
The second line of code immediately loads the L register (an 8-bit register) with 
the lower 8-bits of the binary value equated to the symbol ADDR in the symbol 
table. This process does not cause an overflow error, as the 16-bit binary equiva- 
lent of ADDR is masked to the least significant 8-bits before it is moved into the 
8-bit L register. 


CHARACTER STRING 


A character string consisting of one or two legal characters may be used as a 
token in an ASM expression. Sucha character string is enclosed ina single quote 
(apostrophe). For example: 


Ee The character A (Value 101Q) 
'GL' The character string GL (Value 107 114A) 
ee The character quotation mark (Value 042Q) 
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THE ORIGIN SYMBOL (*) @ 


The current value of the origin counter may be referenced with the special 
symbol asterisk (*). NOTE: The assembler decides from the expression context 
whether the asterisk (*) represents the origin counter or is the multiplication 
operator. For example, the program 


defines the symbol A to have the value 100. The first statement, “ORG 10 
sets the origin counter to the value 10. In the second statement, the label A is 
equated with the first asterisk, which the assembler presumes to be the symbol 
for the origin counter. This is multiplied by the third symbol, which the assem- 
bler also presumes to be the origin symbol. However, the middle asterisk is taken 
as the multiplication operator. 


THE 8080 OPCODES*{ 


Heath Assembly Language supports the standard 8080 machine opcodes. A 
review of the 8080 instruction set is presented on the following pages. Included - 
in this review is a discussion of instruction and data formats, addressing modes, «oe 
conditions flags, the symbols or abbreviations used in describing the 8080 
instruction set, and the discussion of the format used to describe each instruc- 

tion. 


The 8080 instruction set includes five different types of instructions: 


@ Data Transfer Group — move data between registers or between mem- 
ory and registers. 


e Arithmetic Group — add, subtract, increment, or decrement data in 
registers or in memory. 


e@ Logical Group — AND, OR, EXCLUSIVE-OR, compare, rotate, or com- 
plement data in registers or in memory. 


e Branch Group — conditional and unconditional jump instructions, 
subroutine call instructions, and return instructions. 


@ Stack, I/O and Machine Control Group — includes I/O instructions, as 
well as instructions for maintaining the stack and internal control flags. 


(eo 


+Portions of this section are reprinted with the primission of Intel Corporation (Copyright, 1976). 
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Terms, Symbols, & Nomenclature 


INSTRUCTION AND DATA FORMATS 

Memory for the 8080 is organized into 8-bit quantities called bytes. Each byte has 
a unique 16-bit binary address corresponding to its sequential position in mem- 
ory. 

The 8080 can directly address up to 65,535 bytes of memory, which may consist 


of both read-only memory (ROM) elements and random-access memory (RAM) 
elements (read/write memory). 


Data in the 8080 is stored in the form of 8-bit binary integers: 


DATA WORD 


D7 Dg Ds D4 D3 D2 Dy Do 
SB LSB 


= 
n 


When a register or data word contains a binary number, it is necessary to 
establish the order in which the bits of the number are written. In the Intel 8080, 
BIT 0 is referred to as the Least Significant Bit (LSB), and BIT 7 (of an 8-bit 
number) is referred to as the Most Significant Bit (MSB). 


The 8080 program instructions may be one, two, or three bytes in length. 
Multiple byte instructions must be stored in successive memory locations; the 
address of the first byte is always used as the address of the instructions. The 
exact instruction format will depend on the particular operation to be executed. 


Single Byte Instructions 


D7 Do | Op Code 


Two-Byte Instructions 


Byte Two | D7 Dg | Data or 1/0 
Address 


Three-Byte Instructions 


Byte Two | D7 Do Jor 


or 


Address 
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ADDRESSING MODES 


Often, the data that is to be operated on is stored in memory. When multi-byte 
numeric data is used, the data, like instructions, is stored in successive memory 
locations with the least significant byte first, followed by increasingly signific- 
ant bytes. The 8080 has four different modes for addressing data stored in 
memory or in registers: 


e Direct — Bytes 2 and 3 of the instruction contain the exact memory 
address of the data item (the low-order bits of the address are in byte 2, 
the high-order bits in byte 3). 


@ Register — Specifies the register or register pair in which the data is 
located. 


@ Register Indirect — Specifies a register pair which contains the mem- 
ory address where the data is located (the high-order bits of the address 
are in the first register of the pair, the low-order bits in the second). 


@ Immediate — Contains the data itself. This is either an 8-bit quantity or 
a 16-bit quantity (least significant byte first, most significant byte 
second). 


Unless directed by an interrupt or branch instruction, the execution of instruc- 
tions proceeds through consecutively increasing memory locations. A branch 
instruction can specify the address of the next instruction to be executed in one 
of two ways: 


e@ Direct — The branch instruction contains the address of the next 
instruction to be executed. (Except for the “RST” instruction, byte 2 
contains the low-order address and byte 3 the high-order address.) 


e Register Indirect — The branch instruction indicates a register pair 
which contains the address of the next instruction to be executed. (The 
high-order bits of the address are in the first register of the pair, the 
low-order bits in the second.) 


The RST instruction is a special 1-byte call instruction (usually used during 
interrupt sequences). RST includes a 3-bit field; program control is transferred to 
the instruction whose address is eight times the contents of this 3-bit field. 
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CONDITION FLAGS 


There are five condition flags associated with the execution of instructions on 
the 8080. They are Zero, Sign, Parity, Carry, and Auxiliary Carry, and are each 
represented by a 1-bit register in the CPU. A flag is ‘‘set” by forcing the bit to 1; 
and “reset” by forcing the bit to 0. 


Unless indicated otherwise, when an instruction affects a flag, it affects it in the 
following manner. 


Zero: If the result of an instruction has the value 0, this flag is set. Otherwise 
it is reset. 
Sign: If the most significant bit of the result of the operation has the value 1, 


this flag is set. Otherwise it is reset. 


Parity Ifthe modulo 2 sum of the bits of the result of the operation is 0 (i. e., if 
the result has even parity), this flag is set. Otherwise it is reset (i. e., if 
the result has odd parity). 


Carry: If the instruction resulted in a carry (from addition), or a borrow (from 
subtraction or a comparison) out of the high-order bit, this flag is set. 
Otherwise it is reset. 


Auxiliary If the instruction caused a carry out of bit 3 and into bit 4 of the 

Carry: resulting value, the auxiliary carry is set. Otherwise it is reset. This 
flag is affected by single precision additions, subtractions, incre- 
ments, decrements, comparisons, and logical operations, but is prin- 
cipally used with additions and increments preceding a DAA (Deci- 
mal Adjust Accumulator) instruction. 
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Symbols and Abbreviations 


The following symbols and abbreviations are used in the subsequent description 
of the 8080 instructions: 


SYMBOLS MEANING 

accumulator Register A 

addr 16-bit address quantity 

data 8-bit data quantity 

data 16 16-bit data quantity 

byte 2 The second byte of the instruction 

byte 3 The third byte of the instruction 

port 8-bit address of an I/O device 

Perl er? One of the registers A,B,C,D,E,H,L 

DDDRSSs The bit pattern designating one of the registers A, B, C, 
Di Ea La 


(DDD = destination, SSS = source): 


DDD or SSS REGISTER NAME 


(=) 

J 

(=) 
Pere Caco a 


rp 


RP 


th 
rl 


PG 


SP 


rm 


Zins; b. 
Cy, AC 


Heath Assembly Language 


One of the register pairs: 


B represents the B, C pair with B as the high-order register and C as the 
low-order register; 


D represents the D, E pair with D as the high-order register and E as the 
low-order register; 


H represents the H, L pair with H as the high-order register and L as the 
low-order register; 


SP represents the 16-bit stack pointer register. 


The bit pattern designating one of the register pairs B, D, H, SP: 


RP REGISTER PAIR 
00 B-C 
01 D-E 
10 H-L 
11 SP 


The first (high-order) register of a designated register pair. 
The second (low-order) register of a designated register pair. 


16-bit program counter register (PCH and PCL are used to 
refer to the high-order and low-order 8-bits respectively). 


16-bit stack pointer register (SPH and SPL are used to refer to the 
high-order and low-order 8-bits respectively). 


Bit m of the register r (bits are numbered 7 through 0 from left to right). 


The condition flags: 


Zero, 

Sign, 

Parity, 

Carry, 

and Auxiliary Carry, 
respectively. 
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NOTE, ASM recognizes the E as well as the Z defining the zero bit. Therefore, JZ E 
(jump zero) or JE (jump equal) are both valid op-codes. 


( ) Thecontents of the memory location or registers enclosed in the parenthe- 


ses. 
— “Is transferred to” 
A Logical AND 
a Exclusive OR 
V Inclusive OR 
+ Addition 


— Two’s complement subtraction 


E Multiplication 

<— “Is exchanged with’”’ 

aa The one’s complement (e. g., A) € 
n The restart number O through 7 


NNN _ The binary representation 000 through 111 
for restart number 0 through 7, respectively. 


Description Format 


The following pages provide a detailed description of the instruction set of the 
8080. Each instruction is described in the following manner: 


1. The ASM format, consisting of the opcode and operand fields, is 
printed in BOLDFACE on the left side of the first line. 


2. Thename of the instruction is enclosed in parentheses at the center of 
the first line. 


3. Thenext line(s) contain a symbolic description of the operation of the 
instruction. 


©) 


AG 
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4, This is followed by a narrative description of the operation of the 
instruction. 


5. The following line(s) contain the binary fields and patterns that com- 
prise the machine instruction. 


6. The last two lines contain incidental information about the execution 
of the instruction. The number of machine cycles and states required 
to execute the instruction are listed first. If the instruction has two 
possible execution times, as in a conditional jump, both times will be 
listed, separated by a slash. Next, any significant data addressing 
modes (see ‘““Addressing Modes,’’ Page 4-12) are listed. The last line 
lists any of the five Flags that are affected by the execution of the 
instruction. 


Data Transfer Group 


This group of instructions transfers data to and from registers and memory. 
Condition flags are not affected by any instruction in this group. 


MOV 11, r2 (Move Register) 


(r1)< (r2) 
The content of register r2 is moved to register r1. 


Cycles: 1 Addressing: register 
States: 5 Flags: none 
MOV r, M (Move from memory) 


(r) — ((H) (L)) 
The content of the memory location whose address is in registers H and L is 
moved to register r. 


Cycles: 2 Addressing: reg. indirect 
States: 7 Flags: none 
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MOV M, r 


(Move to memory) 


((H) (L)) <— (1) 


The content of register r is moved to the memory location whose address is 


in registers H and L. 


Cycles: 2 Addressing: reg. indirect 
States: 7 Flags: none 
MVI r, data (Move to register immediate) 


(r) <— (byte 2) 


The content of byte 2 of the instruction is moved to register r. 


Cycles: 2 Addressing: immediate 
States: 7 Flags: none 
MVIM, data (Move to memory immediate) 


Fa 05 ON ae TOR 


((H) (L)) < (byte 2) 


\ The content of byte 2 of the instruction is moved to the memory location 


whose address is in registers H and L. 


Cycles: 3 Addressing: immed./reg. 
indirect 


States: 10 Flags: none 


0 0 1 1 0 1 1 0 


eC) 
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J LXI rp, data 16 (Load register pair immediate) 


(rh) < (byte 3), 

(rl) — (byte 2) 

Byte 3 of the instruction is moved into the high-order register (rh) of the 
register pairrp. Byte 2 of the instruction is moved into the low-order register 
(rl) of the register pair rp. 


high-order data 


Cycles: 3 Addressing: immediate 
States: 10 Flags: none 
LDA addr (Load Accumulator direct) 


(A) < ((byte 3) (byte 2)) 
The content of the memory location, whose address is specified in byte 2 
and byte 3 of the instruction, is moved to register A. 


0 0 1 1 1 0 1 0 
low-order addr 
high-order addr 


Cycles: 4 Addressing: direct 
States: 13 Flags: none 
STA addr (Store accumulator direct) 


(byte 3) (byte 2)) < (A) 
The content of the accumulator is moved to the memory location whose 
address is specified in byte 2 and byte 3 of the instruction. 


0 0 1 1 0 0 1 0 
low-order addr 
high-order addr 


Cycles: 4 Addressing: direct 
y States: 13 Flags: none 
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LHLD addr (Load H and L direct) 


(L) — ((byte 3) (byte 2)) 

(H) < ((byte 3) (byte 2) + 1) 

The content of the memory location whose address is specified in byte 2 and 
byte 3 of the instruction is moved to register L. The content of the memory 
location at the succeeding address is moved to register H. 


0 0 1 0 1 0 1 0 
low-order addr 
high-order addr 


Cycles: 5 Addressing: direct 
States: 16 Flags: none 


SHLD addr (Store H and L direct) 


((byte 3) (byte 2)) <— (L) 

((byte 3) (byte 2) + 1) < (H) 

The content of register L is moved to the memory location whose address is 
specified in byte 2 and byte 3. The content of register H is moved to the 
succeeding memory location. 


0 0 1 0 0 0 1 0 
low-order addr 
high-order addr 


Cycles: 5 Addressing: direct 
States: 16 Flags: none 
LDAX rp (Load accumulator indirect) 


(A) — ((rp)) 
The content of the memory location whose address is in the register pair rp 
is moved to register A. NOTE: Only register pairs rp = B (registers B and C) 


AL or rp = D (registers D and E) may be specified. 
Cycles: 2 Addressing: reg. indirect 


States: 7 Flags: none 


e 


& 
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STAX rp (Store accumulator indirect) 


((rp)) <— (A) 

The content of register A is moved to the memory location whose address is 
in the register pair rp. NOTE: Only register pairs rp = B (registers B and C) or 
rp = D (registers D and E) may be specified. 


Cycles: 2 Addressing: reg. indirect 
States: 7 Flags: none 
XCHG (Exchange H and L with D and E) 
(H) <> (D) 
(L) <— (E) 


The contents of registers H and L are exchanged with the contents of 
registers D and E. 


1 1 1 0 1 0 1 1 


Cycles: 1 Addressing: register 
States: 4 Flags: none 


Arithmetic Group 


This group of instructions performs arithmetic operations on data in registers 
and memory. 


Unless indicated otherwise, all instructions in this group affect the Zero, Sign, 
Parity, Carry, and Auxiliary Carry flags according to the standard rules. 


All subtraction operations are performed via two’s complement arithmetic and 
set the carry flag to one to indicate a borrow and clear it to indicate no borrow. 


ADD r (Add Register) 


(A) — (A) (7) 
The content of register r is added to the content of the accumulator. The 
result is placed in the accumulator. 


1 0 0 0 0 S S S 


Cycles: 1 Addressing: register 
States: 4 Flags: °Z,S,P CY,AC 
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ADD M (Add memory) 


(A) — (A) + ((A) (L)) 

The content of the memory location whose address is contained in the H 
and L registers is added to the content of the accumulator. The result is 
placed in the accumulator. 


1 0 0 0 0 1 1 0 


Cycles: 2 Addressing: reg. indirect 
States: 7 lags: 9Z.,5,P CY, AG 


ADI DATA (add immediate) 
(A) <— (A) + (byte 2) 


The content of the second byte of the instruction is added to the content of 
the accumulator. The result is placed in the accumulator. 


Cycles: 2 Addressing: immediate 
States: 7 Flags: -Z,,5;P.CY AG 
ADC r (Add Register with carry) 


(A) (At) 
The content of register r and the content of the carry bit are added to the 
content of the accumulator. The result is placed in the accumulator. 


Cycles: 1 Addressing: register 
States: 4 Flags-6°Z,,5,P,.CY,AG 
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ADC M (Add memory with carry) 


EAA (Fy) (GY) 

The content of the memory location whose address is contained in the H 
and L registers and the content of the CY flag are added to the accumulator. 
The result is placed in the accumulator. 


1 0 0 0 1 1 1 0 


Cycles: 2 Addressing: reg. indirect 
States: 7 lags: Zro.b, GYcAG 
ACI data (Add immediate with carry) 


(A) — (A) + (byte 2) + (CY) 

The content of the second byte of the instruction and the content of the CY 
flag are added to the contents of the accumulator. The result is placed in the 
accumulator. 


Cycles: 2 Addressing: immediate 
States: 7 Flags: .Z;S,P;CY,AC 
SUB r (Subtract Register) 


er<— (A) a) 
The content of register r is subtracted from the content of the accumulator. 
The result is placed in the accumulator. 


Cycles: 1 Addressing: register 
States: 4 ElagseZo,b.Gy AG 
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SUB M (Subtract memory) 


(A) <— (A) — ((H) (L)) 
The content of the memory location whose address is contained in the H 
and L registers is subtracted from the content of the accumulator. The result 


is placed in the accumulator. 


= 
oO 
i=) 
= 
So 
= 
a 
(o>) 


Cycles: 2 Addressing: reg. indirect 
States: 7 Flags: 2.,.5,P,CY,ACG 


SUI DATA (Subtract immediate) 
(A) < (A) — (byte 2) 


The content of the second byte of the instruction is subtracted from the 
content of the accumulator. The result is placed in the accumulator. 


Cycles: 2 Addressing: immediate 
States: 7 Plags:7°Z..5 GYEAG 
SBB r (Subtract Register with borrow) 


(Ali (Aye) te) 
The content of register r and the content of the CY flag are both subtracted 
from the accumulator. The result is placed in the accumulator. 


Cycles: 1 Addressing: register 
States: 4 Plags;: e225, GY AG 
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J SBB M (Subtract memory with borrow) 


(Ali (A) (U1) (L)) — (CY) 

The content of the memory location whose address is contained in the H 
and I registers and the content of the CY flag are both subtracted from the 
accumulator. The result is placed in the accumulator. 


Cycles: 2 Addressing: reg. indirect 
States: 7 Flags: Z35;P,CY,AC 
SBI data (Subtract immediate with borrow) 


(A) <— (A) — (byte 2) — (CY) 

The contents of the second byte of the instruction and the contents of the CY 
flag are both subtracted from the accumulator. The result is placed in the 
accumulator. 


1 1 0 
Cycles: 2 Addressing: immediate 
States: 7 Flags: Z,S,P,CY,AC 
INR r (Increment Register) 


(r) —(r) + 1 
The content of register r is incremented by one. NOTE: All condition flags 
except CY are affected. 


Cycles: 1 Addressing: register 
States: 5 Flags: Z,S,P,AC 
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INR M (Increment memory) 


((H) (L)) — ((H) (L)) + 1 

The content of the memory location whose address is contained in the H 
and L registers is incremented by one. NOTE: All condition flags except CY 
are affected. 


Cycles: 3 Addressing: reg. indirect 
States: 10 Flags: “Zs5;PsAC 
DCR r (Decrement Register) 
(1) <= (1) 41 


The content of register r is decremented by one. NOTE: All condition flags 
except CY are affected. 


Cycles: 1 Addressing: register 
States: 5 EER JA SH EING, 
DCR M (Decrement memory) 


((H) (1) s(t 

The content of the memory location whose address is contained in the H 
and L registers is decremented by one. NOTE: All condition flags except CY 
are affected. 


0 0 1 1 0 1 0 1 


Cycles: 3 Addressing: reg. indirect 
States: 10 Flags peZeoee AG 
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INX rp (Increment register pair) 


(rh) (re) (th) rl} + 1 


The content of the register pair rp is incremented by one. NOTE: No 
condition flags are affected. 


Cycles: Addressing: register 
States: Flags: none 
DCX rp (Decrement register pair) 


(rh) (rl) <— (rh) (rl) — 1 


The content of register pair rp is decremented by one. NOTE: No condition 
flags are affected. 


1 


Cycles: Addressing: register 
States: 5 Flags: none 
DAD rp (Add register pair to H and L) 


(H) (L) < (H) (L) + (rh) (@D) 
The content of register pair rp is added to the content of the register pair H 
and L. The result is placed in register pair H and L. NOTE: Only the CY flag 


is affected. It is set if there is a carry out of the double precision add; 
otherwise it is reset. 


Cycles: 3 
States: 10 


Addressing: register 
Flags: CY 
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DAA (Decimal Adjust Accumulator) 


The eight-bit number in the accumulator is adjusted to form two 4-bit 
Binary-Coded-Decimal digits by the following process: 


1. Ifthe value of the least significant 4 bits of the accumulator is greater 
than 9 or if the AC flag is set, 6 is added to the accumulator. 


2. Ifthe value of the most significant 4 bits of the accumulator is now 
greater than 9, or if the CY flag is set, 6 is added to the most significant 
4 bits of the accumulator. 


Cycles: 1 
States: 4 
Flags: 2,552, GY AG 


Logical Group: 


This group of instructions performs logical (Boolean) operations on data in 
registers and memory and on condition flags. 


Unless indicated otherwise, all instructions in this group affect the Zero, Sign, 
Parity, Auxiliary Carry, and Carry flags according to the standard rules. 


ANA r (AND Register) 
(A) — (A) A (2) 


The content of register r is logically anded with the content of the ac- 
cumulator. The result is placed in the accumulator. The CY flag is cleared. 


.Cycles: 1 Addressing: register 
States: 4 Elags= ZosPG ye AG 
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J ANA M (AND memory) 


(A) — (A) 4 ((H) (L)) 

The contents of the memory location whose address is contained in the H 
and L registers is logically anded with the content of the accumulator. The 
result is placed in the accumulator. The CY flag is cleared. 


1 0 1 0 0 1 1 0 


Cycles: 2 Addressing: reg. indirect 
States: 7 Flags: Z,S,P,CY,AC 
ANI data (AND immediate) 


(A) < (A) A (byte 2) 

The content of the second byte of the instruction is logically anded with the 
contents of the accumulator. The result is placed in the accumulator. The 
CY and AC flags are cleared. 


data byte 
Cycles: 2 Addressing: immediate 
States: 7 Piagseesno ay AG 
XRAr (Exclusive OR Register) 


GAY (UA) oe (1) 
The content of register r is exclusive-OR’d with the content of the ac- 
cumulator. The result is placed in the accumulator. The CY and AC flags 


are cleared. 


Cycles: 1 Addressing: register 
States: 4 Flags: Z75;P;GY AC 
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XRA M (Exclusive OR Memory) 


(A)<= (A) = ((H) (8) 

The content of the memory location whose address is contained in the H 
and L registers is exclusive-OR’d with the content of the accumulator. The 
result is placed in the accumulator. The CY and AC flags are cleared. 


1 0 1 0 1 1 1 0 


Cycles: 2 Addressing: reg. indirect 
States: 7 [ETE o/ Aiton eA OCI 
XRI data (Exclusive OR immediate) 


(A) — (A) ¥ (byte 2) 

The content of the second byte of the instruction is exclusive-OR’d with the 
content of the accumulator. The result is placed in the accumulator. The CY 
and AC flags are cleared. 


data byte 
Cycles: 2 Addressing: immediate 
States: 7 Flags: Z,5,P,CY;AC 
ORA r (OR Register) 


(A) (A) at) 
The content of register r is inclusive-OR’d with the content of the ac- 
cumulator. The result is placed in the accumulator. The CY and AC flags 


are cleared. 


Cycles: 1 Addressing: register 
States: 4 RlagsteZ ose eG 
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J ORA M (OR memory) 


(A) — (A) V ((H) (L)) 

The content of the memory location whose address is contained in the H 
and L registers is inclusive-OR’d with the content of the accumulator. The 
result is placed in the accumulator. The CY and AC flags are cleared. 


1 0 1 1 0 1 1 0 


Cycles: 2 Addressing: reg. indirect 
States: 7 Elags: “Z,S,P;CY,AG 
ORI data (OR Immediate) 


(A) — (A) V (byte 2) 

The content of the second byte of the instruction is inclusive-OR’d with the 
content of the accumulator. The result is placed in the accumulator. The CY 
and AC flags are cleared. 


Cycles: 2 Addressing: immediate 
States: 7 Flags: Z,S,P,CY,AC 
CMP r (Compare Register) 


(Ave (t) 

The content of register r is subtracted from the accumulator. The ac- 
cumulator remains unchanged. The condition flags are set as a result of the 
subtraction. The Z flag is set to 1 if (A) = (r). The CY flag is set to 1 if (A) < 


(r). 


Cycles: 1 Addressing: register 
States: 4 Flags: Z,S,P,CY,AC 
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CMP M (Compare memory) 
(A) — ((H) (L)) 


The content of the memory location whose address is contained in the H 
and L registers is subtracted from the accumulator. The accumulator re- 
mains unchanged. The condition flags are set as a result of the subtraction. 
The Z flag is set to 1 if (A) = ((H) (L)). The CY flag is set to 1 if (A) < ((H) (L)). 


1 0 1 1 1 1 1 0 


Cycles: 2 Addressing: reg. indirect 
States: 7 Flags: Z,S,P.CY, AG 
CPI data (Compare immediate) 


(A) — (byte 2) 

The content of the second byte of the instruction is subtracted from the 
accumulator. The aan flags are set by the result of the Sots The 
Z flag is set to 1 if (A) = (byte 2). The CY flag is set to 1 if (A) < (byte 2). 


data byte 


Cycles: 2 Addressing: immediate 
States: 7 Piags: ZS\P.CYAG 


RLC (Rotate left) 


(An+1) — (An); (Ao) <— (Az) 

(CY) <— (A) 

The content of the accumulator is rotated left one position. The low order bit 
and the CY flag are both set to the value shifted out of the high order bit 
position. Only the CY flag is affected. 


Cycles: 1 
States: 4 
Flags: CY 
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3 RRC (Rotate right) 


(An) — (An-1); (Ar) — (Ao) 

(CY) <— (Ay) 

The content of the accumulator is rotated right one position. The high order 
bit and the CY flag are both set to the value shifted out of the low order bit 
position. Only the CY flag is affected. 


0 0 0 0 1 1 1 1 


Cycles: 1 
States: 4 
Flags: CY 
RAL (Rotate left through carry) 


(An+1) <— (An); (CY) — (Az) 

(Ao) <— (CY) 

The content of the accumulator is rotated left one position through the CY 

flag. The low order bit is set equal to the CY flag and the CY flag is set to the 
q value shifted out of the high order bit. Only the CY flag is affected. 


Cycles: 1 
States: 4 
Flags: CY 


RAR (Rotate right through carry) 
(An) — (An+i); (CY) <— (Ao) 
(A7) — (CY) 
The content of the accumulator is rotated right one position through the CY 
flag. The high order bit is set to the CY flag and the CY flag is set to the value 
shifted out of the low order bit. Only the CY flag is affected. 


0 0 0 1 1 1 1 1 


Cycles: 1 
States: 4 
Flags: CY 
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(« 
CMA (Complement accumulator) ( 
(Ali) 
The contents of the accumulator are complemented (zero bits become 1, one 
bits become 0). No flags are affected. 
Cycles: 1 
States aa 
Flags: none 
CMC (Complement carry) 
(CY) — (CY) 
The CY flag is complemented. No other flags are affected. 
Cycles: 1 
States: 4 S 
Flags: “CY 
STC (Set carry) 
(CY) <1 


The CY flag is set to 1. No other flags are affected. 


Cycles: 1 
States: 4 
Flags: CY 


Branch Group 


This group of instructions alter normal sequential program flow. Condition flags 
are not affected by any instruction in this group. 


The two types of branch instructions are unconditional and conditional. Uncon- 
ditional transfers simply perform the specified operation on register PC (the es 
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program counter). Conditional transfers examine the status of one of the four 
processor flags to determine if the specified branch is to be executed. The 
following conditions may be specified: 


CONDITION CCC OCTAL 
NE or NZ — not zero (Z=0) 000 0 
E or Z — zero (Z=1) 001 1 
NC — no carry (CY = 0) 010 2 
C — carry (CY = 1) 011 3 
PO — parity odd (P = 0) 100 4 
PE — parity even (P = 1) 101 5 
P — plus (S = 0) 110 6 
M — minus (S = 1) sya 7 


JMP addr (Jump) 


(PC) <— (byte 3) (byte 2) 
Control is transferred to the instruction whose address is specified in byte 3 
and byte 2 of the current instruction. 


1 1 0 0 0 0) 1 1 
low-order addr 
high-order addr 


Cycles: 3 Addressing: immediate 
States: 10 Flags: none 


JNE JNC Jpo JP (Condition jump) 
JE JC JPE JM 
If (CCC), 
(PC) < (byte 3) (byte 2) 
If the specified condition is true, control is transferred to the instruction 
whose address is specified in byte 3 and byte 2 of the current instruction. 
Otherwise, control continues sequentially. 


kee oes es aa, 


low-order addr 


high-order addr 


Cycles: 3 Addressing: immediate 
States: 10 Flags: none 
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CALL addr _(Call) Mt 


((SP) — 1) — (PCH) 
(SP) ae ope (Ch) 
(SPye= (SP) 2 

(PC) < (byte 3) (byte 2) 


The high-order eight bits of the next instruction address are moved to the 
memory location whose address is one less than the content of register SP. 
The low-order eight bits of the next instruction address are moved to the 
memory location whose address is two less than the content of register SP. 
The content of register SP is decremented by 2. Control is transferred to the 
instruction whose address is specified in byte 3 and byte 2 of the current 


instruction. 
Cycles: 5 Addressing: immediate/reg. 
indirect 
States: 17 Flags: none 


CNE CNC CPO CP 


(Condition call) 
CE CC} «6CPE ~=CM 


if? (CCe): 
(See 1) Par 
(SP) ==s2)\<4(B@r) 


([SPyle= (See 
(PC) — (byte 3) (byte 2) 


If the specified condition is true, the actions specified in the CALL instruc- 
tion (see above) are performed; otherwise, control continues sequentially. 


a aC 
low-order addr 
high-order addr 


Cycles: 3/5 Addressing: immediate/reg. 
indirect 
States: 11/17 Flags: none 


Ss 
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SD orer (Return) 


(PCL) < ((SP)): 
(PCH) <— ((SP)) + 1); 
(SP) — (SP) + 2: 


The content of the memory location whose address is specified in register 
SP is moved to the low-order eight bits of register PC. The content of the 
memory location whose address is one more than the content of register SP 
is moved to the high-order eight bits of register PC. The content of register 
SP is incremented by 2. 


1 1 0 0 1 0 0 1 


Cycles: 3 Addressing: reg. indirect 
States: 10 Flags: none 
RNE RNC oe 
RE RC (Conditional return) 
Fl (eOU 
(PCL) — ((SP)) 
y (PCH < ((SP) + 1) 


(SP) (SP) 2 


If the specified condition is true, the actions specified in the RET instruc- 
tion (see above) are performed: otherwise, control continues sequentially. 


Cycles: 1/3 Addressing: reg, indirect 
States: 5/11 Flags: none 
RST n (Restart) 


SP) —= 1) <=(PCH) 
(SR ee PC) 
(SP) — (SP) — 2 
(PC) — 8 * (NNN) 


The high-order eight bits of the next instruction address are moved to the 
memory location whose address is one less than the content of register SP. 
The low-order eight bits of the next instruction address are moved to the 
y memory location whose address is two less than the content of register SP. 
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é 
The content of register SP is decremented by two. Control is transferred to C 
the instruction whose address is eight times the content of NNN. 


Cycles: 3 


Addressing: reg. indirect 
States: 11 


Flags: none 


15.14.13.12,41-10, 9. (Spe 7i OG poet eo ees 


Program Counter After Restart 


PCHL (Jump H and L indirect — move H and L 


tol PG) 
(PCH) <— (H) 
(PCL) <— (L) 


The content of register H is moved to the high-order eight bits of register PC. « 
The content of register L is moved to the low-order eight bits of register PG 


Cycles: 1 


Addressing: register 
States: 5 


Flags: none 


Stack, I/O, and Machine Control Group 


This group of instructions performs I/O, manipulates the Stack, and alters 


internal control flags. Unless otherwise specified, condition flags are not af- 
fected by any instructions in this group. 


PUSH rp (Push) 
((SP) — 1) < (th) 


((SP) — 2) — (rl) 
(SP GP 


Heath Assembly Language | 4-39 


The content of the high-order register of register pair (rp) is moved to the 
memory location whose address is one less than the content of register SP. 
The content of the low-order register of register pair (rp) is moved to the 
memory location whose address is two less than the content of register SP. 
The content of register SP is decremented by 2. NOTE: Register pair (rp) = 
SP may not be specified. 


PN 


Cycles: 3 Addressing: reg. indirect 
States: 11 Flags: none 


PUSH PSW (Push processor status word) 


The content of register A is moved to the memory location whose address is 
one less than register SP. The contents of the condition flags are assembled 
into a processor status word and the word is moved to the memory location 
whose address is two less than the content of register SP. The content of 
register SP is decremented by two. 


Cycles: 3 Addressing: reg. indirect 
States: 11 Flags: none 


FLAG WORD 


D7 D3 


Dg Ds D4 D2 Di Do 
eee TD [x 
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POP rp (Pop) 


(rl) — ((SP)) 
(rh) — ((SP) +1 
(SP) — (SP) + 2 


The content of the memory location whose address is specified by the 
content of register SP is moved to the low-order register of register pair (rp). 
The content of the memory location whose address is one more than the 
content of register SP is moved to the high-order register of register pair (rp). 
The content of register SP is incremented by 2. NOTE: Register pair (rp) = 
SP may not be specified. 


Cycles: 3 Addressing: reg. indirect 
States: 10 Flags: none 


POP PSW (Pop processor status word) 


(CY) — ((SP))o 
(P) — ((SP))2 
(AC) <— ((SP))q 
(Z) — ((SP))« 
(S) — ((SP))z 
(A) — ((SP) + 
(SP) <= (SB )et 


= 


A) 
SP 


The content of the memory location whose address is specified by the 
content of register SP is used to restore the condition flags. The content of 
the memory location whose address is one more than the content of register 
SP is moved to register A. The content of register SP is incremented by 2. 


Cyclessa 3 Addressing: reg. indirect 
States: 10 Flags: Zjo,8 .GyYAAC 


© 
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XTHL (Exchange stack top with H and L) 


(L) <— ((SP)) 
(H) <> ((SP) + 1) 


The content of the L register is exchanged with the content of the memory 
location whose address is specified by the content of register SP. The 
content of the H register is exchanged with the content of the memory 
location whose address is one more than the content of register SP. 


Cycles: 5 Addressing: reg. indirect 
States: 18 Flags: none 
SPHL (Move HL to SP) 


(SP) <— (H) (L) 


The contents of registers H and L (16 bits) are moved to register SP. 


Cycles: 1 Addressing: register 
States: 5 Flags: none 
IN port (Input) 


(A) < (data) 


The data placed on the eight bit bidirectional data bus by the specified port 
is moved to register A. 


input port 


Cycles: 3 Addressing: direct 
States: 10 Flags: none 
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OUT port (Output) € “ 


(data) < (A) 


The content of register A is placed on the eight bit bidirectional data bus for 


transmission to the specified port. 


Cycles: 3 Addressing: direct 
States: 10 Flags: none 
EI (Enable interrupt) 


The interrupt system is enabled following the execution of the next instruc- 


tion. 
1 1 1 1 1 0 1 1 
Cycles: 1 
States: 4 f 
Flags: none C ) 
DI (Disable interrupt) 


The interrupt system is disabled immediately following the execution of 
the DI instruction. 


Cycles: 1 
States: 4 
Flags: none 
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HLT (Halt) 


The processor is stopped. The registers and flags are unaffected. 


Cycles: 1 
States:, 7 
Flags: none 


NOP (No op) 


No operation is performed. The registers and flags are unaffected. 


0 0 0 0 0 0 0 0 


Cycles: 1 
States: 4 
Flags: none 
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PSEUDO OPCODES/ASSEMBLER DIRECTIVES 


The Heath Assembly Language supports several assembler directives or, as they 
are more commonly known, pseudo opcodes or simply pseudo ops. These 
opcodes are called ‘‘pseudo” because they are coded as machine operations. But 
as their alternate name (assembler directives) indicates, they represent com- 
mands to ASM and are not translated as instructions. Some pseudo ops affect the 
operation of the assembler. Others cause the assembler to generate constants into 
the generated object code. 


Define Byte, DB 
The DB pseudo defines byte contents. The DB pseudo is of the form: 


Label DB bexp15— =.= -Lexpn 


The integer expressions iexp1 through iexpn are expressions which evaluate to 
8-bit values. For the DB pseudo, a long string can be substituted for an expres- 
sion. The long string is a character string, delimited by single quotes ('), contain- 
ing one or more characters. You can enclose a quote (') within a string by coding 
it as two single quotes. Each of the expressions is converted into an 8-bit binary 
number and stored in sequential memory locations. A few examples of the DB 
pseudo are: 


CR EQU 15Q 
LF EQU 12Q 
DB 1 
DB 5504 
DB 40), CR. LE HS BASIC's i 


In each case, the DB pseudo converts the expression into a single byte and stores 
it in the appropriate memory location. The DB pseudo recognized a character 
string as a series of expressions. Therefore, each character is converted into its 
ASCII binary equivalent and is stored in a sequential memory location. 


G 
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Define Space, DS 


The defined space pseudo (DS) reserves a block of memory during assembly. 
The form of the DS pseudo is: 
LABEL DS iexp COMMENT 


This pseudo is used, for example, to set up a buffer area or to define any other 
storage area. The DS pseudo causes the assembler to reserve a number of bytes 
specified by the expression (iexp) in the operand. These bytes are not preset to 
any value. Therefore, you should not presume any special original contents. 
Programs using extensive buffer area should use the DS pseudo to declare this 
area. Using the DS pseudo significantly shortens the program load time. In the 
example 


LINE DS 80 80 character input line buffer 


an 80-character input buffer is reserved by a single statement. 


Define Word, DW 


The DW pseudo defines word constants. The form of the DW pseudo is: 


LABEL DW OX: eh er iO xOT 


The DW pseudo specifies one or more data words iexp through iexpn. Data 
words are 2-byte values which are placed into memory space, low order byte 
first. NOTE: Strings greater than two characters long are not allowed when you 
are using the DW pseudo. 
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Conditional Assembly Pseudo Operators 


Frequently, you may want to write a program with certain portions of it that can 
be turned on or turned off. That is to say, when they are turned on, these portions 
of the program are assembled. If they are turned off, they are not assembled 
during that particular assembly. ASM contains three pseudos to aid in condi- 
tional assembly. They are: 


iF ELSE and ENDIF 
IF 


The IF pseudo conditionally disables assembly of any statements following the 
IF pseudo operator. The form of the IF pseudo operator is: 


IF iexp 


IF the expression (iexp) evaluates to zero, the statements following the IF pseudo 
are assembled. If the expression does not evaluate to zero (either negative or 
positive), any statements in the assembly source code following this expression 
are skipped until one of the three following pseudos are encountered. The ELSE, 
ENDIF and END pseudos are not skipped regardless of the value of the expres- 
sion “iexp”’. 


ELSE 


The ELSE pseudo toggles the state of the assembly conditions. The ELSE pseudo 
is of the form: 


ELSE 


If the conditional assembly flag is set to skip assembling source code, it is 
changed so source code is now assembled. If lines of source code prior to 
encountering the ELSE pseudo are being assembled, those following the ELSE 
pseudo are skipped until an ELSE, ENDIF, or END is encountered. NOTE: The 
ELSE segment must appear after an IF statement, but before the associated ENDIF 
statement. 
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ENDIF 


The ENDIF statement indicates the end of a block of source code designated for 
conditional assembly. The form of the ENDIF pseudo is: 


ENDIF 


Assembly resumes regardless of the current assembly state (assembling or skip- 
ping) when the ENDIF conditional assembly pseudo occurs. 


End Program, END 


The END pseudo indicates the END of a program. The END pseudo takes the 
form: 


END iexp 
where iexp is the program entry point. The program entry point is the memory 
address where program execution begins. If the END statement is missing, the 


assembler generates one. If iexp is missing, an error is flagged and ASM uses 042 
200A. 


Define Label, EQU 


The Equate statement is used to assign an arbitrary value toa symbol. The form of 
the equate statement is: 


LABEL EQU iexp 
The equate statement is unique, as it must evaluate on pass one. For this reason, 
any symbols used within the expression ‘‘iexp’’ must be defined before the 
assembler encounters the EQU statements. The label is assigned the value of the 
integer expression “‘iexp’’. This label may not be redefined by subsequent use as 
a label in any other statement. For example, 

START EQU * 
The label START is set equal to the value of the memory location counter, or 

START £QU 100 


The label START is set equal to 100. 


NOTE: If you omit the label, an error is generated. 
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Origin Statement, ORG 


The Origin statement (ORG) sets the initial value of the memory location 
counter. The form of the origin statement is: 


LABEL ORG iexp 


The expression iexp must evaluate on pass one. Therefore, any symbols used 
within this expression must be defined before the assembler encounters this 
statement. When the assembler encounters the ORG statement, the memory 
location counter is set to the expression value. All subsequent object code 
generated by the assembler is placed in sequential memory locations, starting at 
the address given by the expression. It is legal to establish a new origin, either 
before or after a previous origin. Ifa label is present, it is given the value iexp. For 


example: 
BEGIN ORG 42200 A The program is started at location 042 200 (offset octal) 
and the label BEGIN is assigned the offset octal value 040 
200. This is the lowest address the user (programmer) 
should use. 
BEGIN ORG START+256 The memory location counter is set to the previously 


defined value of the label START +256. The label BEGIN 
also assumes this value. 


Set Statement, SET 


The SET statement assigns an arbitrary value toa desired symbol. The form of the 
SET statement is: 


LABEL SET iexp 


The SET pseudo op differs from the EQU pseudo op in that any label defined ina 
SET statement can be redefined in a following SET statement as many times as 
desired in the course of the program. The expression “‘iexp’’ must evaluate 
during pass one. Therefore, any symbols used within the expression ‘’iexp”’ must 
be previously defined. 
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Xtext Statement, XTEXT 


The XTEXT statement is used to include the contents of another file in the 
assembly. The form of the XTEXT statement is: 


XTEXT <fname> 


When the assembler encounters the XTEXT pseudo operation, it locates the 
specified file <fname>.<fname> must reside upon a disk device and should 
contain assembly language statements. Note that it may not contain an END 
statement, nor another XTEXT statement. The statements in <fname> are as- 
sembled into the program where the XTEXT statement was encountered. The 
XTEXT statement itself is normally listed, but the included statements from 
<fname> normally are not. The C listing control option is provided to cause 
them to be listed (see LON and LOF pseudo operations). 


The file specification <fname> may specify a device code and an extension. If no 
extension is specified, ASM assumes an extension of ACM. The only device 
codes which may be specified are SYG: and SY1:. You can only specify “SY1:” if 
you have a second drive installed on your system. If no device is specified, ASM 
uses the same device that the main source program resides on. If the named file is 
not found there, then ASM will try device SY@:. If the named file still cannot be 
found, then ASM will flag the XTEXT statement with a ‘U’ error. 


The XTEXT statement is normally used to include files containing symbol 
definitions and commonly used subroutines. For example, Heath provides a file 
intended to be used with XTEXT, ““HDOS.ACM.”’ HDOS.ACM contains symbolic 
definitions for various operating system function requests. For example, the 
symbol .EXIT is defined to have the value of 0 (zero). A program including the 
file HDOS.ACM can use this symbol in generating system requests. This is not 
only self-documenting, but should a future system revision change the system 
function codes, the programmer can convert over by simply changing the defini- 
tions in HDOS.ACM and reassembling all of his programs, since they all make 
use of the same definition file, HDOS.ACM. 


You can also use XTEXT to include commonly used assembly language sub- 
routines into a program. In this way, a programmer can avoid having to rewrite 
and redebug the same subroutine for each of his programs. An assembly lan- 
guage programmer will soon build an extensive library of utility subroutines, 
ready to be XTEXTed into any assembly language program. 
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Listing Control 


ASM provides a number of pseudo operators which affect the listing mode. They 
control paging, pagination, titles, and subtitles. The listing control pseudos are 
used to affect easily read documentation; they do not appear in the program 
listing. 


TITLE 


The pseudo operator TITLE causes a new page title to be used. The form of the 
title pseudo op is: 


TITLE ‘new title' 


Unless the assembler is already at the top of a page, a new page of the assembly 
listing is generated. This page is given the title contained in the string ‘newtitle’. 


STL 


The subtitle pseudo (STL) causes a new page subtitle to be set. The form of the 
subtitle pseudo is: 


STL ‘new subtitle' 


The subtitle pseudo does not affect pagination. This is to say, it does not generate 
anew page but simply titles a subsection of the program. Subtitles are frequently 
used to indicate subroutines or major program modules. 


EJECT 


The EJECT pseudo causes a new page to be started. The form of the eject pseudo 
is: 


EJECT 


When ASM processes an EJECT pseudo, the output device is instructed to move 
to the start of a new page during the listing. 


SPACE 


The space pseudo leaves blank lines in the program listing. The form of the space 
pseudo is: 


SPACE iexpi,iexp2 
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During the assembly listing, iexp1 blank lines are left. If the optional expression 
iexp2 is specified, the assembler checks during a listing to see if the number of 
lines remaining on the page is greater than or less than iexp2. If there are less 
than iexp2 lines remaining on the page, the spacing function is skipped and a 
new page is started, as if an EJECT pseudo was encountered. 


LON (Listing on) 


The LON pseudo operator is used to turn-on listing options. The form of the LON 
pseudo is: 


LON CCC 


Each option is represented by a single character. The characters for the desired 
options are supplied as CCC. The options and their default modes (if they are not 
specified) are: 


if Master listing 


If this option is enabled, all program lines are listed. If it is disabled, only 
lines containing errors are listed. 

DEFAULT MODE: All program lines are listed (normally enabled; disable 
using LOF). 


I Lists the IF-skipped lines. When this option is enabled, all lines skipped 
due to IF statements are listed (although they are not assembled). 
DEFAULT MODE: The skip lines are not contained in the listing. 


G Lists all generated bytes. When this option is enabled, all generated bytes 
appear on the listing. If more than three bytes are generated by a statement, 
new lines are generated in the listing to display these bytes. NOTE: The DB 
pseudo can produce many bytes when you are encoding a string. These are 
not normally listed. 

DEFAULT MODE: Lists a maximum of the 3-bytes generated in each 
statement. 


C Lists XTEXT-included lines. When this option is enabled, all lines in- 
cluded via the XTEXT pseudo operator are listed. 
DEFAULT MODE: XTEXT lines are not listed. 
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LOF (Listing off) 
The LOF pseudo is identical to the LON pseudo except that the selected options 
are disabled. The form of the LOF pseudo is: 


LOF CCC 
See LON, above, for a description of the control character CCC. 
ERRxx 
ASM contains four conditional error pseudo operators. These are of the form: 


ERRZR iexp 
ERRNZ iexp 
ERRPL iexp 
ERRMI iexp 


For each of these pseudo operators, the assembler tests the indicated expression. 

If the expression matches the expressed error condition, an error code is flagged 

in the listing. The errors associated with each of the conditional error pseudos 

are: 
ERRZR tests for zero expression < 
ERRNZ tests for non-zero expression 


ERRPL tests for positive expression 
ERRMI tests for negative expression 


These pseudo error tests are particularly useful when you make assumptions 
about the configuration of various program elements or expressions. You can 
encode these assumptions into ERRxx pseudos. Any change which casues the 
code to fail generates an error, flagging the programmer during the listing. For 
example, 


LXI H, AREA1 


MOV B,M (B) = (AREA1) 

INX H 

ERRNZ AREA2—AREA1-1 Assume area 2 follows area 1 
MOV C,M (C)p—(AREAZ) 


If, when the program is assembled, AREA 1 and AREA 2 have been defined 
differently, an error flag would warn of this mistake. 


© 


@) 
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GENERATING THE ASSEMBLER 


Before you can use the assembler, it must first be generated onto your system 
disk(s). You can do this by simply copying the file ASM.ABS from the system 
distribution disk. You will probably want to copy over all files with the .ACM 
(Assembler Common) extension, via *. ACM. The use of these will be discussed 
later. Copy the files from the distribution disk via ONECOPY or PIP, if you havea 
multiple-drive system. See the HDOS Manual, for more information. 


Using The Assembler 


In order to use the assembler, you must prepare a source using a text editor, such 
as EDIT. To get you started, Heath has prepared some short assembly language 
programs which are in Appendix A. 


When the source program is ready, type ASM in response to the HDOS prompt 
(>). HDOS interprets this command as RUN SY@:ASM.ABS. If the assembler is on 
SY1:, then type RUNASY1:ASM. In either case, the assembler will type 


HDOS Assembler Issue #104.00.00 


Note that the issue number may be different, but an issue will be shown. The ‘*”’ 
is the assembler’s prompt, asking you to enter a command line in the form 


The ‘‘*’’ is the assembler’s prompt, asking you to enter a command line in the 
form 


<binary fname>,<listing fname>=<source fname>[/SWITCHa.../SWITCHn ] 


The <binary fname> specification tells ASM where to put the generated binary 
program. The default extension is .ABS. If you do not wish to generate a binary 
file, omit the file, but not the following comma. 


The <listing fname> specification tells ASM where to put the assembly listing. 
The default extension is .LST. If you specify no listing file, ASM will not 
generate one. In that case, any program statements that contain errors will be 
listed on the system console. 


The <source fname> specification tells ASM which file contains the assembly 
language source program. The default extension is.ASM. You must specify this 
file, it cannot be omitted. The device specified must be a disk (SY: or SY1:). 
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Switches 


There are several switches you may specify at the end of the command line. 
These switches are all optional, and you can combine any number of them. The 
legal switches are: 


/LARGE 


This switch tells ASM that the program you wish to assemble is large, and it 
should use all the available memory. Normally, when assembling, ASM 
speeds itself up by letting the operating system use a portion of RAM. 
However, if your program is so large that the assembler runs out of RAM, 
you will have to reassemble using the /LARGE switch. This switch causes 
ASM to use all the available RAM space for itself, with a slightly slower 
assembly as a result. For systems with only 12K of RAM, ASM will automat- 
ically use all of available memory; specifying /LARGE will have no effect. 


/ERR 


This switch causes ASM to write all program lines with errors in them to the 
console. Of course, the lines are also written in the normal fashion to the 
listing file. If no listing file is specified, error lines will be automatically 
written to the console regardless of the /ERR switch. 


/PAGE: nn 


ASM writes the source listing file formatted into pages, so that the program 
can be listed neatly on a printer or a hard-copy terminal. The /PAGE switch 
tells the assembler how many lines are to appear on a page. Note that this is 
not the size of the page itself; you will want to leave several lines to form a 
gap between the pages. Thus, for the standard page size of 66 lines, a 
specification of /PAGE:60 is about right. This is the default value, so only 
users with non-standard paper size need specify /PAGE. 
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/FORM:nn 


When the assembler wishes to start a new page for the listing file, it writes 
an ASCII form feed character into the listing file. This causes an eject toa 
new page. If your hard copy device will not respond to a form feed in this 
way, you can use the /FORM:nn switch to have the assembler generate the 
proper number of line feeds to cause the page eject. The ‘‘nn”’ field is the size 
of a page (or ‘“‘form’’) for your hard copy device. This must be larger than the 
specified /PAGE value (or default). 


The standard size for most computer forms is 66 lines per page; thus, 
/FORM:66 should be specified. If, for example, you had paper that held 40 
lines per page and you wished to print only on the top half of each page, you 
could specify /FORM:40/PAGE:20. This tells ASM that you want to print 20 
lines per page, and that each page is 40 lines long. When the /FORM:nn 
switch is specified, the assembler writes the proper number of carriage- 
return line feeds to the listing file, instead of the form feed character. 


/LON: ccc 


The /LON switch is used to override the listing options specified (via the 
LON and LOF pseudo instructions) in the assembly language source code. 
“ccc” represents one or more listing options, discussed in the description of 
the LON pseudo instruction. A listing option selected by the /LON switch 
cannot be deselected by a LOF pseudo instruction in the program. 


/LOF: ccc 


The/LOF switch is used to override the listing options specifed (via the LOF 
and LOF pseudo instructions) in the assembly language source code. “‘ccc’’ 
represents one or more listing options, discussed in the description of the 
‘LOF’ pseudo instruction. A listing option deselected by the /LOF switch 
cannot be selected by a LON pseudo instruction in the program. 
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Command Line Examples 


This section shows several example command lines, with a brief discussion of 
each. These lines all show assemblies of a sample program, DEMO.ASM 


* DEMO,DEMO=DEMO © 


This command would cause the file SY@:DEMO.ASM to be assembled, with 
the listing file written to SY@:DEMO.LST, and the binary file written to 
SY@:DEMO.ABS. Note that form feed characters will be used to separate the 
pages of the listing file. 


* DEMO.XXX,TT:=DEMO.ASM/FORM:66 © 


This command causes the file SY@:DEMO.ASM to be assembled, with the 
listing file written directly to the console terminal (deviceTT:). The binary 
file will be written to file SY$:DEMO.XXxX. This example assumes that the 
console terminal is a Decwriter II, without the form-feed option. Thus, the 
/FORM switch was specified so the assembler would space the paper 
correctly. 


* LP:=DEMO/LOF:L @ 


This command causes the SY@:DEMO.ASM file to be assembled, with the 
listing file written directly to the line printer (device LP:). Since no /FORM 
switch was specified and the /PAGE switch was defaulted to /PAGE:60, the 
assembler will write pages of 60 lines (or less) to the line printer, separated 
by form feed characters. The user in this case wanted a listing of just the 
errors in his program, without listing all the correct statements. His use of 
the LOF:L switch specified that no lines were to be listed. Since lines 
containing errors are always listed on the listing file, the result will be a 
listing on the printer showing only lines with errors. 


* =DEMO @ 


This final example shows the user assembling the program SY@:DE- 
MO.ASM, and producing no binary or listing files. This form is useful to 
check a program for assembly errors since, in the absence of a listing file, all 
assembly errors are printed on the console. Note that no binary file will be 
generated. 
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Errors 


All errors detected by the Heath Assembly Language are flagged directly on the 
listing in the first three columns. One character is flagged for each error detected. 
If more than one error is detected, the second error character is placed in column 
2 and the third error character is placed in column 3. 


CHARACTER ERROR 


U An undefined symbol. The symbol name does 
not match any symbol in the symbol assignment 
table. Check for spelling errors or for a com- 
pletely undefined symbol. 


R Illegal register specified. Two different errors 
can cause this message. A non-8080 register may 
have been specified, or the instruction was not 
meaningful for the register. For example, a regis- 
ter pair instruction which refers to a single regis- 
ter. 


D Label is doubly defined. The symbolic label has 
been defined twice in the source program. 


A Operand syntax error. The operand expression is 
improper. For example, it may evaluate to a 
number >65535, be a divide by zero, or be 
nonexistent, 


V Value exceeds eight bits. The result of an expres- 
sion is greater than 255. This error is not flagged 
if the op-code called for a 16-bit operand such as 
an LXI instruction. 


F Format error. A pseudo-op requires a label that is 
not present in the source code. For example, an 
EQU pseudo-op requires a label. Too many 
characters in a label. 


O Unrecognized op-code. The op-code in this 
statement does not belong to the 8080 instruc- 
tion set, nor does it belong to the ASM pseudo-op 
instruction code set. Check for spelling errors or 
for op-codes used from other microprocessor in- 
struction sets. 
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CHARACTER ERROR 
iD Error generated by ERRxx pseudo or reference to 


a doubly defined label. Note the ERRxx pseudos 
are generated to flag the user when a test expres- 
sion does not evaluate satisfactorily. 


NOTE: If an assembly generates a great number of errors, it is best to return to the 
Text Editor, correct as many errors as possible, and reassemble. The reassembly 
will frequently flag additional errors which are then obvious on the second 
assembly. If the errors are few, you may load the program and debug it using 
DBUG. However, this does not result in a correct listing. 
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APPENDIX A 


Assembly Language Interface 


Introduction 


The HDOS operating system offers a powerful and yet simple interface to assem- 
bly language programs. This section discusses the fundamental system com- 
mands necessary to execute a simple assembly language program. The advanced 
features and facilities of HDOS will be discussed elsewhere. 


HDOS provides what is called the ‘‘environment” for an assembly language 
program. It loads the program into memory, sets up the stack, handles console 
and disk device I/O, and provides other services for the program. In return, a 
programmer must always remember that his program is not the only one running 
in the computer, the HDOS program is also running in the same machine. A 
programmer must: be careful not to write into memory locations reserved for 
HDOS, be sure his program does not destroy the program stack by loading the 
stack pointer; be sure his program does not turn off interrupts via the DI instruc- 
tion (except for very short periods of time), and so forth. 


Finally, it is important that assembly language programs use the support and 
facilities of HDOS rather than ‘‘doing it themselves.’ Using HDOS whenever 
possible serves two functions: first, it makes the program much more useful and 
flexible. For example, if your program uses the HDOS console driver rather than 
communicating directly to the console itself (via IN and OUT instructions), your 
program automatically takes advantage of the features of the HDOS console 
system (CTRL-S, CTRL-O, RUBOUT, CTRL-U, etc.) without any extra program- 
ming effort for you. Later, when Heath issues a new version of HDOS supporting 
new devices and/or new features, your program will automatically be able to take 
advantage of any new feature without having to be modified. 


The second reason for using HDOS functions is system compatibility. As men- 
tioned above, new releases of HDOS will be made available periodically. These 
new versions will fix known bugs, support new devices, and contain powerful 
new features. Programs which properly use HDOS functions will be able to run 
under the new versions of HDOS after being reassembled. Programs that ‘‘do it 
themselves” may fail to work under new HDOS releases. 
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Writing Your Program 


In order to successfully run your assembly language program under HDOS, you 
must follow the simple format shown in Figure 1. Your program must start with 
the three lines: 


TRIN “some descriptive title”’ 
XTEXT HDOS 
ORG USERFWA 


The TITLE statement causes an appropriate title to be printed on the assembly 
listing. The title you use is not important as long as it is meaningful to you. The 
XTEXT statement prepares the assembler for the HDOS commands you will be 
including in your program. These are discussed later in this section. Finally, the 
ORG statement tells the assembler to assemble your program into the user 
memory area, 


After these three lines you will write your program. The last line in the program 
must be 


END XXX 


where xxx is a label in your program. When you run your program (via the RUN 
command), execution will begin at the label specified in the END statement. 


TITLE “some meaningful title”’ 
XTEXT HDOS 
ORG USERFWA 

XXX (first line of executable code) 


(your program goes here, see Figures 2, 3, and 4 for examples) 


END XXX 


Figure 1 


Required format for assembly language programs. 
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Assembling Your Program 


The first thing you must do to run an assembly language program is assemble it. 
This process translates the source language statements into the 8080A binary 
object codes. A sample program, DEMO.ASM is shown in Figure 2, Page 4-67. 
You should enter this through the editor. Once you have this program as a source 
file, you can assemble it. In HDOS command mode, type: 


>RUNAASM @ 
*DEMO,DEMO=DEMO @ 


Note that you must type the underlined characters; HDOS provides the charac- 
ters shown without underlining. This command tells the assembler that you 
want to assemble the file SY@:DEMO.ASM, producing a listing file called 
SY@:DEMO.LST and producing a binary file SY@:DEMO.ABS. It is this binary 
file that contains the runable program. If you have a hard copy device, such as a 
Decwriter, you can copy the file DEMO.LST onto that device for reference during 
the remainder of this discussion. If you do not havea hard-copy device, you can 
refer to the listing of the file DEMO.ASM at the back of this section. 


Note that the .ASM, .LST, and .ABS extensions are “‘defaults’’ provided by ASM. 
The assembler will use any specified extensions. Since ASM makes use of HDOS 
facilities for I/O, ASM is also device independent. For example, if you are 
assembling a program and want to produce the listing output on your “AT:” 
device, you need not write the listing file to the disk, copy it to “AT:” and then 
delete it. Instead, type: 


*DEMO,AT:=DEMO @ 
and have the listing written directly to the ““AT:” device. 
Executing Your Program 
You must specify the starting address, or entry point, of your program in the END 


statement. Thus, in the program DEMO.ASM, the END statement says that 
execution is to start at the label ENTRY. When you type: 


>RUNADEMO @ 


HDOS will load the program into memory and start executing it at the label 
ENTRY. 
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Returning to HDOS 


When your program has finished executing, it must return control to HDOS so 
you can continue to use the operating system. Your program can do an orderly 
return to HDOS by executing the two instructions: 


XRA A 
SCALL . EXIT 


which will cause control to return to HDOS. The SCALL .EXIT instruction will 
be the last one your program will execute. 


The SCALL is a special HDOS assembler operation that generates a special 
two-byte call to the HDOS operating system. The symbol .EXIT indicates the 
particular type of request you want to make. In this case, you are telling HDOS 
that you are done executing. 


Another way to return control to HDOS is to process CTRL-Cs within your 
program. In your program initialization, set up CTRL-C processing as follows: 


LXI H, EXIT 
MVI A,003 
SCALL .CTLC 


The end of your program will have the exit routine: 


EXIT XRA A 
SCALL .EXIT 


A CTRL-C entered while your program is running will cause a return to HDOS. 


If you have not dismounted or reset your system volume (see Chapter 1) typing 
CTRL-Z twice will return to HDOS immediately. However, if your program has a 
bug and cannot respond to CTRL-C or CTRL-Z, you should re-boot the entire 
system. This will re-initialize the system. You can run your program under 
DBUG and isolate the problem in a controlled environment. 


a 


2) 
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Memory Usage 


HDOS uses memory locations both below and above your program. It is impor- 
tant that HDOS should know how much of the user memory area, starting at 
42200A, your program will be using. In order to be as fast as possible, HDOS will 
use some of the user RAM area (that part directly below the resident HDOS code) 
for a work area if the running user program is not using it. Thus, if you are not 
going to use that RAM, HDOS should be informed soit can use the area. If you are 
going to use that RAM, HDOS should be informed so it will not use the area for 
itself. 


When you type the command 


>RUNA<fname> &) 


HDOS automatically computes the size of your program as it was assembled. 
This means that your program must not write into any memory location that you 
did not declare during the assembly with a DB, DW, or DS statement. For 
example, if your program needs a 500-byte memory area, you should not write 
your program in the form: 


WORK EQU , 500 BYTE WORK AREA STARTS HERE 
END ENTRY 


and then use the 500-bytes starting at the label WORK. In this case, HDOS would 
think that your program ended at the label WORK, and have no way of knowing 
that you were going to use 500 more bytes. You should code the program 


WORK DS 500 500 BYTE WORK AREA 
END ENTRY 


In this case, HDOS will know that you will be using the 500 bytes at WORK 
because you declared them in the DS statement. 
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Typing Lines and Characters 


HDOS provides two commands for writing to the console terminal. These are 
PRINT, and .SCOUT. 


. PRINT 


The .PRINT SCALL is used to print a line of text on the system console. Before 
you issue the .PRINT SCALL, you must load the address of the first byte of the 
line to be printed in the H and L registers. For example, 


LXI H,LINE 
SCALL . PRINT PRINT THE MESSAGE 
LINE DB 12Q,'HI THER’, 'E'+200Q 


would cause the message 
HI THERE 
to be printed on the system console. 


You have probably noticed that the DB statement in the above example contains 
more than just the character string ‘HI THERE’. The first of these additions is the 
12Q. This tells the assembler to start the message with the ASCII character 012 
(octal). This is the ASCII “New Line” character. Instead of using the ASCII 
Carriage Return and Line Feed characters, HDOS uses the New Line character. 
(Note that New Line has the same octal code as Line Feed; since HDOS does not 
allow Line Feed characters, there is no confusion.) The New Line character 
causes a new line to be started on the output device. The rational behind the use 
of New Line instead of carriage return line feed is beyond the scope of this 
Manual; suffice it to say that the use of New Line gives HDOS a device- 
independent way to cause a new line to be started. The carriage return character 
should not be used; the line feed character will be interpreted as a New Line 
(since both are represented by 12Q). 


The other item to note about the DB statement is the expression “ ‘E’+200Q”. 
The .PRINT command prints the characters whose address is in the H and L 
registers until it prints a character with the parity (200Q) bit set. This character is 
the last one printed. Thus, in the example the expression ‘“ ‘E’+200Q” was used 
to set the high-order bit on the last ‘E’ in the message so HDOS would stop typing 
at that point. 

SCOUT 


Use the .SCOUT totypea single character on the console device. The character in 
the A register is printed on the console terminal. For example, 


MVI Ave oo 
SCALL . SCOUT PRINT THE CHARACTER 'X'! 


The high-order bit (the parity bit) is ignored by .SCOUT. 
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Reading From the Console 


HDOS provides the .SCIN command for reading characters from the console 
terminal, and the one command .CONSL to control character echoing, 
backspace, and erase-line handling. 


.SCIN 


The .SCIN command is used to read a single character from the console device. If 
the 8080 “carry” flag is set after the SCALL instruction, it means that no charac- 
ter has been typed yet. If the carry flag is clear, then a character has been read and 
is in the A register. It does not matter if the carry flag is set or clear when you 
execute the SCALL .SCIN. For example, 


READ SCALL .oCIN READ A CHARACTER, IF ANY 
JC READ NO CHARACTER ENTERED, YET 
STA CHAR STORE CHARACTER READ IN MEMORY 
. CONSL 


The .CONSL command is used to set the mode of console input. There are two 
modes of input: line mode, and character mode. 


When you are inputting in line mode, HDOS saves up the typed characters until 
you type a RETURN. This is done so HDOS can handle RUBOUT (character 
delete) and CTRL-U (line delete) functions. If HDOS were to give you the 
characters one by one as they were typed, it wouldn’t be able to ‘take them away 
again’ if CTRL-U were typed. By saving them all up until you hit the RETURN, 
HDOS can handle and DELETEs and CTRL-Us that are typed. For example, if you 
were to type the four keys Y, E, S, and RETURN while your program was 
executing the example shown above, it would not receive any characters until 
you pressed the RETURN. The next four .SCIN commands would each return 
with one of the characters. The RETURN key gives the 012Q (New Line) charac- 
ter code. Thus, the four values read when you type YES (RETURN) are 131Q (Y), 
105Q (E), 123Q (S) and 012Q (RETURN). 


Line mode is very useful when you wish to input a line from the console, since 
HDOS provides the DELETE and CTRL-U functions for you automatically. For 
programs that need to read each character immediately after it is typed, there is 
‘character mode’. Inputting in character mode causes the typed character to be 
passed to your program immediately. If the user types RUBOUT or DELETE, the 
RUBOUT code (177Q) is passed to your program. If the user types CTRL-U, the 
CTRL-U code (025Q) is passed to your program. Character mode is more flexible 
than line mode, but it requires your program to handle the RUBOUT and CTRL-U 
keys. 
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The .CONSL command also allows you to turn character echoing on and off. If 
echoing is turned on, then each time the user strikes a character it is typed on the 
console automatically by HDOS. If echoing is turned off, the character is not 
typed on the console. If you wish the character to be visible, your program must 
type it itself, via the SCOUT command. 


To use the .CONSL command, code the following lines: 


XRA A 
MVI B,xxx ‘xxx’ = value discussed below 
MVI Cecore 


SCALL . CONSL 


where ‘xxx’ is 
000Q FOR LINE MODE WITH ECHO 
001Q FOR CHARACTER MODE WITH ECHO 
200Q FOR LINE MODE WITHOUT ECHO 
201Q FOR CHARACTER MODE WITHOUT ECHO 


The default mode of HDOS console input is “line mode, with echo”. You only 
need to use the SCALL .CONSL command if you wish some other mode of 
operation. You can change modes of operation as often as you like. 


NOTE: The system must be configured to accept tabs in order to 
run a demonstration program. 


See SET command in the HDOS Manual. 
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x IS ANYONE THERE (YOU TYPE THIS) 
eee K ace vtcene LS WANVONGSTHERE o> eae op. pees CO EMO2 SIME ES STH 0 eae eae ene eer ee 
x BYE OE Vere CY OU TYRES This) 
shack shy BY ECR ence coe eee ete (8 Raat Ad 2 eS Se PL eee are ic 50 
x (QEMO2 EXITS TO THE OFERATING SYSTEM) 
Ser crctionee ST lana. once MALN. PROGRAMS. cs... gucaerctyenineie cae athe oe ee eee eee eee ea 
EJECT START A NEW PAGE 
eeceea ENTRY 2.2 bXL wevcstl ep DENQAIOUS, on uoEXECUTRLON) STARTS HER Rete ce aepee neste ae. 2~.aa ee 
SCALL. +PRINT PRINT ‘HI!’ MESSAGE 
EEE SNR EE ee ee 
ae eee rng Meanie eae ai eee ee 
net aN ey ee ie AG. «caresses QHD ooo cccvetetone. steers ard CHARTER Ti EST ce aera es tcesr ass ay-| econ i 
CI fue 
SRS pe RC eee NE. 6. ic: EQHOT. cece, NOT PERIOD. CHARACTER Sr feo eaten 
STA ENIIFLAG MAKE ENIIFLAG NON-ZERO (A ’.’» IN FACT) 
Risto ECHOA,.. SCAR 1.16 8CQUT.. .ccsarcene cd YPR. CHARAETIER (RGU alee yee rere ae- tet eee 
LIA ENDIFLAG 
Sasha ream cece AINA coda Bh oss cna Soci ceis vans wolle Ca Hes ota cee doh Gea a ee ee 
IZ ECHO STILL MORE TO GO 
ee! oo po seaag te igs: acco Di taphaa nec cipaat acne Be mua noDe eel egeeleee e 
re er. Le aati cornea scadaottas estes aes ee ae 
SEBO AREER OS S568 SCA 5.2 BX Toe oa cesaece sit LUBN TG UO See eee ene eeer eed) Ce ee eee eC eee eee 
eae DEMOA: 60 DB vccis cs oA PAH rand 20M. DEMO! 22 2420 toe reer eee ee er 
ENIFLAG DB 0 <20 IF TO EXIT 
ee es Ea 
Figure 4 
DEMO2.ASM 


Note that although this program appears to be written to echo each character 
after it is typed, actually it echoes each line after the RETURN has been typed. 
This is because the program reads characters in line mode. HDOS holds the 
characters until you press the RETURN key, and then supplies them to the 
DEMO2 program. Thus, each line typed to this program appears twice: once 


when HDOS echoed it as it was being typed, and once when DEMO2.ASM types 
it. 
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REAL QEMOy CHARA 


Sie “WRITTEN 01723779" 


YOK DEMOS .ASM ~ CONSOLE INPUT DEMO» IN CHARACTER MODE. 


ER LOM 


Oe eed 


Te ile 


(WRITES LISTING TO CONSOLE) 

ChEMOG 3 tila THES 
CYOW TYPE ABRCYy GEMOS QUPLICATES TT) 
CYOUMIVEE Xx) ays LEMOS SEEHOS TI) 
ae a eh aa amee EM Sm chico mOsm aC Leno Gm occ eM ji 
“MAIN PROGRAM ? 


Reg A catieist site 


oe A MEUCRAGE pas Bey et 
SUTION STARTS HERE ; 


SSAGE 


AND TH 
THE SCREENER 


MV I By O01 CHARACTER MODE WITH ECHO 
SS SES aS Seer arene MOT eS ee re a ns HARRIES Eb tad PRAM Mb oO oth. c POI Se 52 AAS & Senta oxo ca ClO tea ca ae eee 
ales + CUNSL. 


STILL MOREE Ge 


°. WILL RETURN TO HOS 


VEMOA Ue 120Q,°Hiy 177M TEMOS 17%» 2126 
ENT Lata Tee fe) Oe ae Ke 


Figure 5 
DEMO3.ASM 


Note that this program is identical to DEMO2.ASM, except that this program 
inputs in character mode rather than line mode. This causes a big difference in 
the response the program makes when you type input to it. DEMO3.ASM echoes 
each character immediately after it is typed. This causes each character to be 
printed twice on the screen, once when HDOS echoed it and once when DE- 
MO3.ASM typed it. As an exercise, modify this program to disable the automatic 
echoing (done by HDOS). 
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Heath Assembly Language | 


INDEX 
Addressing Modes, 4-12 LOF, 4-52 
Arithmetic Instructions, 4-21 ff, LON, 4-51 


Assembler Directives, 4-44 
Assembler Operations, 4-53 


Branch Instructions, 4-34 ff, 


Character Set, 4-4 
Character Strings, 4-9 
Comment Field, 4-4, 4-6 
Condition Flags, 4-13 
Conditional Assembly, 4-45 


Data Transfer Instructions, 4-17 ff, 
Define Byte (DB), 4-44 

Define Word (DW), 4-45 

Define Space (DS), 4-45 

Direct, 4-12 

Dollar Sign ($), 4-4 

Doubly Defined Label, 4-57 


EDIT, 4-3 
ERRxx, 4-52 
EQU, 4-47 
EJECT, 4-48 
ELSE, 4-46 
END, 4-46 
ENDIF, 4-47 
Errors, 4-57 
Expressions, 4-7 


Format Control, 4-7 


I/O Instructions, 4-38 ff, 
IF, 4-46 

Illegal Register, 4-57 
Immediate, 4-12 
Integers, 4-8 


Label Field, 4-5 ff, 

Least Significant Bit (LSB), 4-11 
Letters, 4-4 

Listing Control, 4-50 

Logical Instructions, 4-28 ff, 


Machine Control Instructions, 4-38 ff 
Most Significant Bit (MSB), 4-11 


Numerals, 4-4 


Opcode Field, 4-5, ff 
OPCODES (8080), 4-10 ff, 
Arithmetic Group, 4-21, ff 
Branch Group, 4-34 
Data Transfer Group, 4-17 ff, 
Logical Group, 4-28 ff, 
Machine Group, 4-38 ff, 
Operating the Assembler, 4-53 
Operand Field, 4-4, 4-6 
Operator Precedence, 4-7 
Operators, 4-7 
ORG, 4-47 
Origin Symbol (*), 4-10, 4-48 
Overflow Error, 4-8 


Period, (.), 4-4 
Pound symbol, (#), 4-9 
Pseudo Opcodes, 4-44 


Register, 4-12 
Register Indirect, 4-12 
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Set, 4-48 

Space, 4-50 

Stack Instructions, 4-38 ff, 
Statements, 4-4 

STL, 4-48 

Strings, 4-9 

Symbolic Programs, 4-3 
Symbols, 4-9 

Syntax Error, 4-57 


Text Editor, 4-3 
Title, 4-50 
Tokens, 4-8 


Undefined Symbol, 4-57 
Unrecognized Op-Code, 4-57 
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SSI 75T202/203 


5V Low-Power 
DTMF Receiver 


May, 1988 


| 
DESCRIPTION =} FEATURES 


| ae ae s Date yaa et are a pion scored * Central office quality 
ultifrequency receivers detecting a se- , : i, 

lectable group of 12 or 16 standard digits. No front-end e va er ee Shee pequited 
pre-filtering is needed. The only externally required ngle, 'ow-tolerance, S-volt supply 
components are an inexpensive 3.58-MHz television ° Detects either 12 or 16 standard DTMF digits 
“colorburst” crystal (for frequency reference) anda ° Uses inexpensive 3.579545-MHz crystal for 
bias resistor. Extremely high system density is made reference 
possible by using the clock output of a crystal-con- e Excellent speech immunity 
eso) fel alacl {> 1208 pcelvente give medi ¢ Output in either 4-bit hexadecimal code or binary 
bases of additional receivers. Both are monolithic coded 2-of-8 
integrated circuits fabricated with low-power, comple- 
mentary symmetry MOS (CMOS) processing. They ° 18pin DIP package for high system density 
require only a single low tolerance voltage supply and °® Synchronous or handshake interface 
are packaged in a standard 18-pin plastic DIP. e Three-state outputs 


(Continued) 6 Early detect output (SSI 75T203 only) 


BLOCK DIAGRAM 
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CAUTION: Use handling procedures necessary | 
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SSI 75T202/203 
5V Low-Power 
DTMF Receiver 


DESCRIPTION (Continued) 


The SSI 75T202 and 75T203 employ state-of-the-art 
circuit technology to combine digital and analog func- 
tions on the same CMOS chip using a standard digital 
semicondutor process. The analog input is pre-proc- 
essed by 60-Hz reject and band splitting filters and then 
hard-limited to provide AGC: Eight bandpass filters 
detect the individual tones. The digital post-processor 
times the tone durations and provides the correctly 
coded digital outputs. Outputs interface directly to 
standard CMOS circuitry, and are three-state enabled 
to facilitate bus-oriented architectures. 


ANALOG IN 


This pin accepts the analog input. It is internally biased 
so that the input signal may be AC coupled. The input 
may be DC coupled as long as it does not exceed the 
positive supply. Proper input coupling is illustrated in 
Figure 1. 


The SSI 751202 is designed to accept sinusoidal input 
wave forms but will operate satisfactorily with any input 
that has the correct fundamental frequency with har- 
monics less then -20 dB below the fundamental. 


CRYSTAL OSCILLATOR 


The SSI 75T202 and 751203 contain an onboard in- 
verter with sufficient gain to provide oscillation when 
connected to a low-cost television “colorburst” crystal. 
The crystal oscillator is enabled by tying XEN high. The 
crystal is connected between XIN and XOUT. A1 MQ 
10% resistor is also connected between these pins. In 
this mode, ATB is a clock frequency output. Other SS! 
75T202’s (or 75T203’s) may use the same frequency 
reference by tying their ATB pins to the ATB of acrystal 
connected device. XIN and XEN of the auxiliary 
devices must then be tied high and low respectively. 
Tendevices may run off a single crystal-connected SS! 
75T202 or 757203 as shown in Figure 2. 


HEX/B28 


This pin selects the format of the digital output code. When HEX/B28 is tied high, the output is hexadecimal. When 
tied low, the output is binary coded 2-of-8. The table below describes the two output codes. 


Hexadecimal 


D8 D4 D2 D1 


Binary Coded 2-of-8 
D8 D4 D2 D1 


Leb lols 
rll ib llele 
ee l-bele eet -b 


oO 
oO 
oO 


Pete 
SS 9 
—_ —_ 
=210 


O/O|D|>|* Pebhpereer 


ajajaiai|alolo|j=|o |lol]=|lo|a|a|a jo 
ST 5 ey eu thcesy Is) ee | fren eet les heey [EN [Cs iran yrs | res) 
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TABLE 1: OUTPUT CODES 
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.01 nF 


F >4h-o344b 


Analog | 
hin 10pF Analog In 10pF 


>100kQ >100kQ 


FIGURE 1: INPUT COUPLING 


SSI 75T202 


Up to 10 Devices 


FIGURE 2: CRYSTAL CONNECTIONS 
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SSI 75T202/203 
5V Low-Power 
DTMF Receiver 


IN1633° 


When tied high, this pin inhibits detection of tone pairs 
containing the 1633Hz component. For detection of all 
16 standard digits, IN1633 must be tied low. 


OUTPUTS D1, D2, D4, D8 and EN 


Outputs D1, D2, D4, D8 are CMOS push-pull when 
enabled (EN high) and open curcuited (high imped- 
ance) when disabled by pulling EN low. These digital 
outputs provide the code corresponding to the de- 
tected digit in the format programmed by the HEX/B28 
pin. The digital outputs become valid after a tone pair 
has been detected and they are then cleared when a 
valid pause is timed. ; 


DV and CLRDV 


DV signals a detection by going high after a valid tone 
pair is sensed and decoded at the output pins D1, D2, 
D4, and D8. DV remains high until a valid pause occurs 
or the CLRDV is raised high, whichever is earlier. 


ED (SSI 75T203 only) 
The ED output goes high as soon as the SSI 75T203 


begins to detect a DTMF tone pair and falls when the 
751203 begins to detect apause. The D1, D2, D4, and 


DETECTION FREQUENCY 


Low Group f, 


Row 0 = 697 Hz 


D8 outputs are guaranteed to be valid when DV is high, 
but are not necessarily valid when ED is high. 


N/C PINS 


These pins have no internal connection and may be left 
floating. 


DTMF DIALING MATRIX 
See Figure 3. Please make note that column 3 is for 


special applications and is not normally used in tele- 
phone dialing. 


Col 1 Col 2 


[2] [3] 
Ee 


Esra 
fe 


FIGURE 3: DTMF DIALING MATRIX 


High Group f, 


Column 0 = 1209 Hz 


Row 1 = 770 Hz 


Row 2 = 852 Hz 


Column 1 = 1336 Hz 


Column 2 = 1477 Hz 


Row 3 = 941 Hz 


Column 3 = 1633 Hz 
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ABSOLUTE MAXIMUM RATINGS 
(Operation above absolute maximum ratings may damage the device. All SS! 75T202/203 unused put must 
be connected to Ve or GND, as appropriate.) 


PARAMETER CONDITIONS RATING 
DC Supply Voltage - Ve 


Operating Temperature 
Storage Temperature 


Power Dissipation (25°C) 


-40°C to +85°C Ambient 
-65°C to +150°C 


All inputs except ANALOG IN (VP + .5V) to -.5V 


(VP + .5V) to (Vp - 10V) 


Input Voltage 
ANALOG IN Voltage 


DC Current into any Input 


Lead Temperature Soldering, 10 sec. 


ELECTRICAL CHARACTERISTICS 
(-40°C < TA < +85°C, Vp = 5V + 10%) 


PARAMETER CONDITIONS it eee UNITS 


+(1.5+2Hz) 20, % Of fo 


-32 dBm ref. 
to 60002 


Frequency Detect Bandwidth 


Amplitude for Detection each tone 


Minimum Acceptable Twist -10 


High Tone 
Low Tone 


Twist = 


60-Hz Tolerance 


Dial Tone Tolerance 
Talk Off 
Digital Outputs 
(except XOUT) 
Digital Inputs 


“precise” dial tone 
MITEL tape #CM 7290 
“0” level, 400A load 
“1” level, 200uA load 
“0” level 


“1” level 0.7VP 
wide band 


TA = 25°C 10 
Noise Tolerance MITEL tape #CM 7290 -12 
Input Impedance Vp2Vin>Vp-10 100KQ||15pF 


Power Supply Noise 


Supply Current 


* dB referenced to lowest amplitude tone 
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SSI 75T202/203 TIMING 


ton Tone Time 


torF Pause Time 


Detect Time 


Release Time 


for rejection 


for detection 


for rejection 


‘) Data Setup Time 


Data Hold Time 


DV Clear Time 


CLRDV Pulse Width 


ED Detect Time 

ED Release Time 
Output Enable Time 
Output Disable Time 


Output Rise Time 


C, = 50pF, 


C, = 35pF, R, = 5002 


C, = 50pF 


Output Fall Time 


C, = 50pF 
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SSI 75T202/203 TIMING (Continued) 


L— ton + to, —+] 


Analog 


Input one burst R Pause 


SNES Aes 


FIGURE 4: TIMING DIAGRAM 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 


D1 [}1 D2 
HEX/B28 [}2 D4 
EN [|3 D8 
CLRDV 
DV 
N/C [6 ATB 
N/C [|7 XIN 
XEN [8 XOUT 
ANALOG IN []9 GND 


4 elo 
SSI 75T202 
5 14 


18 - Pin DIP 
SSI 75T202 


D1 [1 18|} D2 
HEX/B28 []2 171] D4 
EN [/3 - 16[] D8 
4 15|| CLRDV 
: ssl Ae a 
ED [|6 13|] ATB 
N/C [7 12[] XIN 
XEN []8 11[] XOUT 
ANALOG IN []9 10[] GND 


18 - Pin DIP 
SSI 75T203 


ORDERING INFORMATION 


SSI 75T202 
18-pin Plastic DIP 


~ PART DESCRIPTION ORDER NO. 


SSI 75T202-IP 


~~ PKG. MARK 


75T202-IP 


SSI 75T203 
18-pin Plastic DIP 


SSI 75T203-IP 


75T203-IP 


No responsibility is assumed by SSi for use of this product nor for any infringements of patents and trademarks or other rights of third iat 
resulting from its use. No license is granted under any patents, patent nghts or trademarks of SSi. SSi reserves the nght to make chang 


in specifications at any time without notice. 


©1989 Silicon Systems, Inc. 
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COS/MOS 


8-Stage Shift-and-Store 


Bus Regisiter 
High-Voltage Types (20-Volt Rating) 


The RCA-CD4094B is an 8-stage serial shift 
register having a storage latch associated 
with each stage for strobing data from the 
serial input to parallel buffered 3-state out- 
puts. The parallel outputs may be connected 
directly to common bus lines. Data is shifted 
on positive clock transitions. The data in 
each shift register stage is transferred to the 
storage register when the STROBE input is 
high. Data in the storage register appears at 
the outputs whenever the OUTPUT -ENABLE 
signal is high. 

Two serial outputs are available for cascad- 
ing a number of CD4094B devices. Data is 
available at the Os serial output terminal on 
positive clock edges to allow for high-speed 
Operation in cascaded systems in which the 


clock rise time is fast. The same serial infor- 
mation, available at the Q's terminal on the 
next negative clock edge, provides a means 
for cascading CD4094B devices when the 
clock rise time ts slow. 


The CD4094B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
16-lead dual-in-line plastic 
16-lead ceramic flat 
and in chip form (H 


and F suffixes), 
package (E suffix), 
package (K suffix), 
suffix). 


cLock Lo 


* Ee 


| 
stroee| = | 
| 


Features: 


& 3-state parallel outputs for connection to common bus 
® Separate serial outputs synchronous to both positive 


and negative clock edges for cascading 
= Medium speed operation — 5 MHz at 10 V (typ.) 
® Standardized, symmetrical output characteristics 
@ 100% tested for quiescent current at 20 V 


temperature range; 100 nA at 18 V and 25°C 
® Noise margin (full package temperature range): 
1VatVpp=5V 2V at Vpp = 10 V 
2.5 Vat Vopp = 15 V 
# 5-V, 10-V, and 15-V parametric ratings 


® Meets ail requirements of JEDEC Tentative 
Standard No. 13A, ‘’Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Applications: 


® Serial-to-parallel data conversion 
® Remote control holding register 
® Dual-rank shift, hold, and bus applications 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


DC SUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vsg Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 
For Ta = —55 to +100°C (PACKAGE TYPES D,F,K) 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K). 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = 

OPERATING-TEMPERATURE RANGE Mal 
PACKAGE TYPES D, F, K, H : 
PACKAGE TYPE E , 

STORAGE TEMPERATURE RANGE (Tse) 

LEAD TEMPERATURE (DURING SOLDERING): 


At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10s max. 


SERIAL 
ouT 


STAGES 
aan 


Qs 


ALL INPUTS PROTECTED 
BY COsS/MOS 
PROTECTION NETWORK 


9201 - 7969181 


NX 
Fig. 2 — CD4094B Logic diagram. 


FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 


CD4094B Type: 


SERIAL 
OUTPUTS 


eas TAGE Oe aS 
cLocK 2 SHIFT 
L = REGISTER |2—05 


s 
REGISTER 


OUTPUT Voot'6 
ENABLE 4: 3-STATE | (O27, 
outputs | ‘SS 


= Maximum input current of 1 uA at 18 V over full package- v 


PARALLEL OUTPUTS QI-Q 


(TERMINALS 4,4, 6, 7,14, 1312, 11, 
PESPECTIVELY) 
9203 — 24564R) 


FUNCTIONAL DIAGRAM 


Y 
STROBE le 6&L-Vop 
Oe ae S}—OUTPUT ENABLE 


CLOCK 3 4-05 
Qi 4 3 06 
Q2 bs) 207 
Q3 6 t-—o8 
Q 7 Ord's5 

Vss 8 Sas 


92CS -<£642 
TOP .1Ew 


Fig. 1 — Terminal assignment. 


—0.5 to +20 V 
—0.5 to Vpp +0.5 V 
710 mA 


; 500 mW 

Derate iinesct, at 12 mW/°C to 200 mW 
; 500 mW 

Derate Linearly at 12 mW/°C to 200 mw 
100 mW 

—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 


TRUTH TABLE 


Parallel 
Outputs | 


Serial 
Outputs 


4 = Level Change 
X = Don't Care 
NC = No Change 
OC = Open Circuit 


* At the positive clock edge information in the 7th shift register 
stage is transferred to the 8th register stage and the Qs outpul 


Logic 1 = High 
Logic 0 = Low 
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Ts] 
RECUMMENDED OPERATING CONDITIONS at Ty = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that y; 


operation is always within the following ranges: 


LIMITS 
vop vs ems 
CHARACTERISTIC ion 


Supply-Voltage Range (For Ta=Full 
Package-T emperature Range) 


Data Setup Time, ts 


Clock Pulse Width, tw 


Clock Input Frequency, foi 


Clock Input Rise or Fal! time 
t- CUCL: © 


’ 


Strobe Pulse Width, ty 


UNITS 


acc 


200 
100 
83 


1.25 
dc 2.5 MHz 
3 
15 
— 5 us 
5 


*If more than one unit is cascaded t¢CL (for Qs only) should be made less than or equal 
sece sum of the fixea propagation delay at 50 pF and the transition time of the output 


bie ig stage for the estimated capacitive ioad. 
ee 


DRAIN-TO-SOURCE VOLTAGE (Vps)—V 


-15 =i 
AMBIENT TEMPERATURE (Tg)s 25°C 


STHGATE -TO-SOURCE VOLTAGE (uge)+-5 VETS 


febanabe 


n 
fe} 
OUTPUT HIGH (SOURCE) CURRENT(LOH)— mA 


9205-24 32182 


Fig. 5 — Minimum output low (sink) current 
Characteristics. 


g 


8 


8 


8 


PROPAGATION DELAY TIME Coat Spuylons 


92CS-25633 
~ Clock-to-seria! output Qs propagation 


-.* delay vs C,. 
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ORAIN-TO-SOURCE VOLTAGE (Vps)—v 


-is =10 -5 0 
[AMBIENT TEMPERATURE (1a)*25°C 
eS ee oe ae ey peat 
[=== == GATE-TO-SOURCE VOLTAGE (Vgs)*-5V 5 


OuTPUT HIGH (SOURCE) CURRENT(I oH) —mA 


92CS- 2432083 


Fig. 6 — Typical! output high (source) current 
characteristics. 
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Fig. 9 — Clock-to-serial output Q's propagation 
delay vs C,. 
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Fig. 4 — Typical output tow (sink) current 
Characteristics. 
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Fig. 7 — Minimum output high (source) current 
characteristics. 
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delay vs C,. 
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STATIC ELECTRICAL CHARACTERISTICS 


CHARACTER- 
ISTIC 


Quiescent Device 
Current, 
lop Max. 


Output Low 
(Sink) Current 
IOL Min. 


Output High 
(Source) 
Current, 

10H Min. 


Output Voltage: 
Low-Level, 
VoL Max. 


Output Voitage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
Vi Min. 


Input Current 
lyn Max. 


3-State Output 


Leakage Current| 


lout Max 


MAXIMUM CLOCK FREQUENCY (fcy MAX)— Mix 


AMBIENT TEMPERATURE (T,)*25°C 
LOAD CAPACITANCE (C__)* 50 oF 


CONDITIONS 


Values at —-40,+25, +85 Apply to E Package 


+25 
—55 | 40 | +85 | +125 | Min. | Typ. 
5 ae cis0,gu150 |) =e | 0.005 
10 | 10 | 300 [ 300 | - | 0.04 | 
20 20 600 | 600 | — | 0.04 | 
[00 [1007 | 3600 [3000 | =| 0.08 | 
064/061 | 0.42 | 036]051 | 1 
16 | 15 at 0.9 | 1.3 2.6 
a2 |r 2a Mr 24 6.8 
-2 |-1.8 | -1.3 | -1.15]-1.6 | -3.2 
-1.6 |-1.5 | -1.1 | -09 -2.6 
“a2 =4 58 
0.05 ia 0 
0.05 Ea 

4.95 4.95 5 

9.95 10 
14.95 15 

E (== 
3 [= [= | 
BAe 

3.5 = 

z 

I hrf = 


(V) (Vv) | (Vv) 
a 05} 5 
- 0,10} 10 
= 0,15| 15 
z 0,20| 20 
0.4 05 | 5 
0.5 |0,10{ 10 
1.5  |0,15| 15 
4.6 05} 5 
2.5 05 | 5 
SSO) to; iro 
1355 |015) 15 
= os 4] 
= 0.10] 10 
= 0.15] 15 
= 05} 5 
= 0.10} 10 
= 0,15| 15 
ey, 2c || 5 
io = 10 
Lo eiG) 2 Ie 
05,4.5| —- 5 
ips - 10 
Csi Sahai} 
~ 0,18| 18 
0,18 


SUPPLY VOLTAGE (Ving )—V¥ 


Fig. 14 — Typical maximum-clock-frequency vs. 


9z7Cs-25630m 


supply voltage. 


fe} 


POWER DISSIPATION/ PACKAGE (PO 


clock frequency. 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —-55, +25, +125 Apply to D,K,F,H Packages 


Max. 


oles 
olo 2 


100 | 


INPUT CLOCK FREQUENCY (te) athe 


UNITS 


uA 


mA 


92CS- 36S 9R) 


Fig. 15 — Dynamic power dissipation vs input 


CD4094B Types 


AMBIENT TEMPERATURE (Ty )+25°C 


PROPAGATION DELAY TIME (tpi tp, yl ne 
> 


a 


8 


= 8 


° 20~—«40 ro) 80 100 
LOAD CAPACITANCE (C, )— oF 


92CS-25636 
Fig. 11 — Strobe-to-parallel output propagation 
delay vs C,. 
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PROPAGATION = 
OPAGATION DELAY TIME (loi ot py y)—ne 


LOAD CAPACITANCE (C, )— pF 
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Fig. 12 — Output enable-to-para/le/ output propa- 
gation delay vs C;. 
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Fig. 13 — Typical transition time vs. load capacitance 
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Fig. 16 — Quiescent device current 
test circuit. 
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CN4094B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At Ta=25 °C; Input t;, te = 20 ns, Cy = 50 pF, Ry = 200kQ 


CHARACTERISTIC 


Propagation Delay Time, 
tPHL. tPLH 


Clock to Serial Output Og 
Clock to Serial Output Os 
Clock to Parallel! Output 


Strobe to Paralle! Output 


Output Enable to Parallel 
Output: 
High-to-Low, toy, 


Low-to-High, tp; y 


2cs 
> BD isu Strobe Pulse 
Width, tw 


Minimum Clock Pulse 
Width, tw 


Minimum Data Setup 
Time, ts 


Transition Time; 
tTTHL. tTLH 


Maximum Clock input Rise 
or Fall Time, t-CL, teCL 


Maximum Clock Input 
Frequency, fcL 


Input Capacitance Cin 
(Any Input) 
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Vpp UNITS 
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NPUTS ] OUTPUTS 
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“i 
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’ NOTE 
vss TEST ANY COMBINATION 
OF INPUTS 
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Fig. 17 — Input voltage test 


circuit. 
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imPUTS | 
Yoo | wOTE 
mS | MEASURE INPUTS 
° om | SEQVENTIALLY, 
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Fig. 18 — Input current test 
circuit. 
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CD4094B Types 


TYPICAL APPLICATION 


—————— 
SIGITALLY CONTROLLED | 


CiGiTALLY CONTROLLED OIGITALLY CONTROLLED 


| 
| EQUIPMENT EQUIPMENT EQUIPMENT | 
| ‘REQUIRES CONTINUOUS | 
| D1GITAL CONTROL) 
| 
| 
| 
| 
Pei’ 
: . = 
co409468 c240948 
STROBE CLOCK STROBE CLOCK 


CONTROL 
& } { 
SYNC i 
CIRCUITRY 


DATA CLOCK 


FROM REMOTE 
CONTROL PANEL 


Fig. 19 — Remote contro/ holding register. 
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Dimensions and Pad Layout for CD4094B Chip. s0- 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. coe 
Grid graduations are in mils (10-3 inch). 


cieeeeacal 


= San ae 


87-95 
2.413) 


The photographs and dimensions of each 
COS/MOS chip represent a chip when it 
is part of the wafer. When the wafer ts 
cut into chips, the cleavage angles are 
57° instead of 90 with respect to the 
face of the chip. Therefore, the isolated 
chip is actually 7 mils (0.17 mm) larger 
in both dimensions. 


4-10 
— (0 102-0 254) 


96-104 
(2439-2 641) 


92CS-25644 
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[D4098B Types 
= 


>08/MOS Dual Monostable 


Wiultivibrator 
4igh-Voltage Types (20-Volt Rating) 


The RCA-CD4098B dué! monostable multi- 
siprator provides stable retriggerable/reset- 
able one-shot operation for any fixed-volt- 
ige timing application. 


An external resistor (Rx) and an external 
capacitor (Cx) control the timing for the 
circuit. Adjustment of Rx and Cx provides 
, wide range of output pulse widths from the 
2 and QO terminals. The time delay from 
“rigger input to output transition (trigger 
oropagation delay) and the time delay from 
eset input to output transition (reset pro- 
dagation delay) are independent of Rx and 
Se 

_eading-edge-triggering '=TR) and trailing- 
-dge-triggering (—TR) inputs are provided 
or triggering from either edge of an input 
julse. An unused +TR :nput should be tied 
o Vss. An unused —TR input should be tied 
2 Vpp. A RESET (on tow level) is provided 
or immediate termination of the output 
yulse or to prevent Outpuz pulses when power 
5 turned on. An unused RESET input should 
1e tied to Vpp. Howeve-, if an entire section 
f the CD4098B is not used, its RESET 
nould be tied to Vss. See Table |. 


9 normal operation the circuit triggers (ex- 
2M secs-}@ OUtpUt pulse one period) on the 
‘PE xp-70n of each nev. trigger pulse. For 
yperation in the non-retriggerable mode, Q is 
onnected to —TR when leading-edge trig- 
rering (+TR) is used or Q s connected to +TR 
vhen trailing-edge trigoering (—TR) is used. 


The time period (T) for tr.s multivibrator can 
ye approximated by: Ty=4RxXC x for Cx 2 
).01 pF. Time periods 2s a function of Rx 
-or values of Cx and Vpp are given in Fig. 8. 
Jalues of T vary from unit to unit and as a 
‘unction of voltage, temperature, and RxCx. 


The minimum value of external resistance, 
ix, is 5 kQ. The maximum value of external 
-apacitance, Cx, is 100 v=. Fig. 9 shows time 
yeriods as a function of Cx for values of Rx 
ind Vpp. 


The output pulse widt7 has variations of 
=2.5% typically, over the temperature range 
of —55 C to 125°C fo’ Cx=1000 pF and 
Rx=100 kQ. 


=or power supply variat ons of +5%, the out- 
dut pulse width has variations of +0.5% 
ypically, for Vpp=10 V and 15 V and =1% 
ypically, for Vpp=5 V et Cx=1000 pF and 
3x=5 kL. 

The CD4098B types are supplied in 16-lead 
jermetic dual-in-line ceremic packages (D and 
— suffixes), 16-lead due:-in-line plastic pack- 
ages (E suffix), 16-lead ceramic flat packages 
K suffix), and in chia form (H suffix). 


The CD4098B is simile- to type MC14528. 
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Features: 
& Retriggerable/resettable capability 
® Trigger and reset propagation delays 
independent of Rx, Cx 
Triggering from leading or trailing edge 
Q and Q buffered outputs available 
Separate resets 
Wide range of output-pulse widths 
100% tested for maximum quiescent 
current at 20 V 
= Maximum input current of 1 pA at 
18 V over full package-temperature 
range; 100 nA at 18 V and 25°C 
® Noise margin (full package-temperature 
range): 1 Vat Vpp= 5 V 
2 V at Vpp=10 V 
2.5 V at Vpp=15 V 
a 5-V, 10-V, and 15-V parametric ratings 
® Standardized, symmetrical output 
characteristics 
® Meets all requirements of JEDEC 
Tentative Standard No. 13A, ‘’Stand- 
ard Specifications for Description of ‘B’ 
Series CMOS Devices.” 2 


Applications: 
® Pulse delay and timing 
® Pulse shaping 
® Astable multivibrator 


MAXIMUM RATINGS, Abso/ute-Maximum Values 


DC SUPPLY-VOLTAGE RANGE, (Vpp! 
(Voltages referenced to Vgg Terminal!) 

INPUT VOLTAGE RANGE, ALL INPUTS . 

DC INPUT CURRENT, ANY ONE INPUT 

POWER DISSIPATION PER PACKAGE (Pp) 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 
For Ta = 


—55 to +100°C (PACKAGE TYPES D,F,K) 


For Ta = +100 to +125°C (PACKAGE TYPES D, F, K) 


DEVICE DISSIPATION PER OUTPUT TRANSISTOR 


92cs- 24253 


CD4098B 
Functional Diagram 


RESET (1) 
+TR (1) 
-TR (I) 

Ql 
a 
Vss 


Oaynnaun 


16 
15 
14 
13 
12 


Yoo 
Cx2 
Ry Cy (2) 


aay (2) 


+TR (2) 


VW -TR(2) 
ole 


TOP VIEW 


TERMINALS 1,8,!5 ARE 
ELECTRICALLY CONNECTED 


INTERNALLY 


a2 


92CS-24848RI 


TERMINAL ASSIGNMENT 


-0.5to +20 V 


-0.5 to Vpp +0.5 V 


+10 mA 


500 mW 


Derate Linearly at 12 mW/°C to 200 mW 


500 mW 


Derate Linearly at 12 mW/°C to 200 mW 


FOR Ta = FULL PACKAGE-TEMPERATURE RANGE [A!! Package Types) 


OPERATING-TEMPERATURE RANGE [7 a) 
PACKAGE TYPES DF, K,H F 
PACKAGE TYPE E ee : 

STORAGE TEMPERATURE RANGE (To) 

LEAD TEMPERATURE (DURING SOLDERING) 


At distance 1/16 = 1/32 inch (1.59 + 0.79 mm) from case tor 10s max 


RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 


CHARACTERISTIC 


Full Package- Temperature 
Range) 


Trigger Pulse Width ty(TR) 


Reset Pulse Width tw(R) 
(This is a function of Cy) 


Trigger Rise or Fall Time 
tp(TR), t¢(TR) 


Supply-Voltage Range (For Ta = 


Vop 
Vv 


Pwin. | Max. | 


3 18 


Dynamic Char. 
Chart and 
Fig. 11 


100 mW 


~55 to +125°C 
-40 to +85°C 
—65 to +150°C 


UNITS 


+265°C 
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CD4098B Types 


TABLE | AMBIENT TEMPERATURE (7a 25°C pop 
CD4098B FUNCTIONAL TERMINAL CONNECTIONS 


Vpp TO Veen 
FUNCTION TERM.NO. | TERM. NO. 
MONO, |MONO.|MONO, 


Leading-Edge 
Trigger/ Say We Alay ake! 
Retriggerable 


Leading-Edge '_easeeesassasnscsssssusscsses seossteccsce=sssecss 


GATE-TO-SOU== VOLTAGE (Vgs)*I5 Vt 


n 
Ow 


OUTPUT LOW (SINK) CURRENT (Ig) —mA 
nN 
9 
| 


Trigger/ 3 13 DRAIN-TO-SOURCE +CLTAGE (Vps)—¥ 


Non-retriggerable Fig. 1 — Typical output low (sink) 
Trailing-Edge current characteristics. 


Trigger/ 
Retriggerable 


EWBIENT TEMPERATURE (7y +25°C pp 1] 
> 


Trailing-Edge 
Trigger/ 
Non-retriggerable 


NOTES: 


(2 sh CATE - "== SCURCE VOLTAGE (Vgs}#15 V 


OUTPUT LOW (SINK) CURRENT (Ip,) —mA 


75 

1. ARETRIGGERABLE ONE-SHOT MULTI- INPUT PULSE TRAIN | 
VIBRATOR HAS AN OUTPUT PULSE + 
WIOTH WHICH IS EXTENDED ONE FULL RETRIGGERABLE MODE PULSE WIDTH oe 
TIME PERIOD (Ty) AFTER APPLICATION (+TR MODE) wall =< 1 
OF THE LAST TRIGGER PULSE. 

2. ANON-RETRIGGERABLE ONE-SHOT NON-RETRIGGERABLE MODE PULSE fT 7]|_ i Saunt oduece warkar eee 
MULTIVIBRATCR HAS A TIME PERIOD WIOTH fag eel 92CS -243198) 
Ty REFERENCED FROM THE APPLI- (+TR MODE) ‘ Fig. 2 — Minimum output low (sink) 
CATION OF THE FIRST TRIGGER PULSE. current characteristics. 


DRAIN~TO-SOURCE \CLTAGE (Vps)—V 


-'5 -9 =$ ie} 
AMBIENT TEMPERATURE (Ta)*25°° pot 
; r 2280S SSes05>. 


aj 
E SATE-TO-SOURCE VOL"£3€ (Vgs)*-5V et 


OUTPUT HIGH (SOURCE) CURRENT (I 0H)—mA 


92C$-2432085 
Fig. 3 — Typical output high (source) 
current characteristics. 


DRAIN-TO-SOURCE VOLTAGE (Vos)—V 


Yoo 
6(10) 

< 
7(9) y 
NOTE: SCHEMATIC SHOWN IS 1/2 OF TOTAL E 
PACKAGE. TwO SETS OF TERMINAL a 3 
N - 
Wer ARE ELECTRICALLY CONNECTED PROTECTED BY z 
46.1 EY COS/MOS PROTECTION x 
INTERNALLY NETWORK 3 
92CM-27628RI Yss ri 
3 
Fig. 4 — CD40988 logic diagram. a 
: 
. 
> 
a 
= 
> 
°o 


92CS-24sz2IeF 
Fig. 5 — Minimum output high (source) 
current characteristics. 
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CD4098B Types 
STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES (°C) 


Values at —55,+25,+125 Apply to D,K,F,H Pkgs. 500) LMMENT TEMPERATURE (74 1°25°C Sapa 


CONDITIONS Values at —40,+25,+85 Apply to E Pkgs. UNITS 


TERISTIC 


Quiescent 
Device 
Current 

Ipp Max. 


Output Low 
(Sink) 
Current, 


Io, Min. 15 
Output High 
(Source) 
Current, 
1OH Min. 
Output Volt- 


Input 
Current, 


18 


lin Max. 


EXTERNAL RESISTANCE (Ry)—Q 


1c 
t= 
4 
er 
104 
t= lf | | =10V, 15 V,18¥—— 
site VIOV, IS V, 18V 
| 


Yoo" 5 
2b voor 3. | 00 
24686 2468 2 468 2 468 2 468 2 468 2 468 
om 1 Lo} Los 105 we 105 


PULSE WIOTH (PW)—ps 
92CS-287356 


Fig. 8 — Typical externa/ resistance vs. pulse width. 
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ONE -SHOT PULSE WIDTH ( vq) ps 


Yo | Yin | Yop 
ww) | wv) |) 40 | +85 [ Aleerraraicd 
Se a 
p= 0,10 ig 22 GO| Fore pr =F 0.02: |r 2a 
P= fos] is | 4 | 4 | 120 { 20 | = [oa | a] © 


z0_[ 20 | 800 | 600 [= [008 | 70. 


os pot] 10 16118 [11 [09 [13] 26 | — | 


ere 

ras [oss [2+ [ze ]-ee [ea] “ee | | 
aL ae 
Ged OL {01 Oe area egy Fee ear er 10S! 


age: 
Low-Level, 0,10} 10 0.05 - 0 0.05 
Voy Max. 
Output Volt- 
age: 5 : 
High-Level, [= [0.10 2.95 a a 
VoHMin. | — [0,15] 15 14.95 14.96 15 } =) 
Input Low OSA 5 ope 5 US = = las 
Voltage, STE 3 - [| = | 3 | 
Vi, Max. WSS) 15 4 = 4 
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AMBIENT TEMPERATURE (Tg)*25°C | \Y 
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EXTERNAL CAPACITANCE (Cx )— pF 
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PULSE WIDTH (PW) —ps 
92CS-28737 


Fig. 9 — Typical external capacitance vs. pulse width. 
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Whe f 
77 * tregper pues period 
0.9 For te = GOO us, rp = 1000 us. Cx = 0.01 pF, 
Vpo*5¥ 
{600 
P * F000 1107 WHY = 600 UW (me dotted 
kine on gregh) 


btm 


p2Cm- 26739 


Fig. 11 — Average power dissipation vs. one-shot pulse width. 
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Sy SOLTAGE (V00) * ® seeseces 


PROPAGATION DELAY TIME (toy .t pLH)—"8 


cesses, 
r) 20 40 60 60 100 140 
LOAD CAPACITANCE (C_ )—pF 
92¢S-28735 
Fig. 6 — Typical propagation delay time vs. 
load capacitance, trigger into Q 


out. (All values of Cy and Ry.) 
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TRANSITION TIME (tTHLstTLH)—78 


LOAD CAPACITANCE (C; )— pF 


92CS-24322 
Fig. 7 — Transition time vs. load capacitance 
for Ry = § k2-10000 k2 and 
Cy = 15 pF-10000 pF. 
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8] AMBIENT TEMPERATURE (Ta)*2S°C | 
a] CL"50 DF | 
Ry*100 KQ | 
FREQUENCY = 100 KHz \ 
J RISE TIME (1, ), FALL (1y #20 ns 
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EXTERNAL CAPACITANCE (Cy) —pF 92¢5-28738 

Fig. 10 — Typical minimum reset pulse width vs. 


externa/ Capacitance. 


TEST CIRCUITS 
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Fig. 12 — Quiescent-device-current test circuits. 
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CD4098B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS 
At T, =25°C; Input t,,tf=20 ns, C,=50 pF, R,=200 kQ 


| TESTCONDITIONS | CONDITIONS LIMITS ones 
v 
Rx (k2) | Cx a Yoo (Vv) Baal iy 
Trigger Propagation Delay Time aa 250 i: a 


+TR, -TRtoQ,Q Hs 125 VIM 


CHARACTERISTIC 


10,000 1s (00 pee Lae fund 
tPHL: TPLH Vi = fen! MOE 
Minimum Trigger Pulse Width, 5 70 = re a 
: A 10 30 ul 
p s 
fie 15 20 oe ANY COMBINATION RSet a) 
Transition Time se Allyl 
' 50 Fig. 13 — Input-voltage test circuit. 
'TLH 
; 40 
50 
40 ye 
INPUTS (is: GPa 
= 
75 il a Lore 
Vom | | 1 T 
oP ae steal \Seovewtiaccr 
Vv | TO BOTH Vop AND V: 
250 — | comncey ususes 
INPUTS TO EITHER 
Yoo OR Ves 


Reset Propagation Delay Time, Fig. 14 — Input leakage current test circuit. 


TeHL: TPLH 


Minimum Reset Pulse Width, 
tywR 


ae: Width ane 
Between Circuits in 
Same Packaae 


APPLICATIONS 


lop. Tx vt. Rx 


Tx 
Rx | 'o0 (Ave) | ira + 12) 
mA 3.8 us 
005mA | 05s 


3.2 us 


INPUT PULSE Lay Nb ES TSR x1 Cy 
2 


* 1 ENSURE RESTART APPLY RESET et output purse — tt of 2 2 Rx Cx 
: — Note: 

(NEGATIVE PULSE) AFTER Voo Q2 qa Avda otlre x rie ae 
SUPPLY VOLTAGE HAS REACHED cx pa Bont 28 olue i ap ry 
ITS Vop LEVEL ico -- : 92CS-24256R2 

Fig. 15 — Astable multivibrator with restart after reset capability. Fig. 16 — Pulse delay. g 
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CD4018B Types 


COS/MOS Presettable 
Divide-By-‘N’ Counter 


High-Voltage Types (20-Volt Rating) 


The RCA-CD4018B types consist of 5 
Johnson-Counter stages, buffered fe} outputs 
from each stage, and counter preset control 
gating. CLOCK, RESET, DATA, PRESET 
ENABLE, and 5 individual JAM inputs are 
provided. Divide by 10, 8, 6, 4, or 2 counter 
configurations. can be implemented by 
feeding the Q5, Q4, Q3, Q2, Q1 signals, 
respectively, back to the DATA input. 
Divide-by-9, 7, 5, or 3 counter configura- 
tions can be implemented by the use of a 
CD4011B gate package to properly gate the 
feedback connection to the DATA input. 
Divide-by functions greater than 10 can be 
achieved by use of multiple CD4018B 
units. The counter is advanced one count at 
the positive clock-signal transition. Schmitt 
Trigger action on the clock line permits 
unlimited clock rise and fall times. A high 
RESET signal clears the counter to an all- 
zero condition. A high PRESET-ENABLE 
signal allows information on the JAM inputs 
to preset the counter. Anti-lock gating is 
provided to assure the proper counting 
sequence. 

The CD4018B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 16-lead dual-in- 
line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 


Applications: 

8 Fixed and programmable divide-by-10, 9, 8, 
7,6, 5, 4, 3, 2 counters 

= Fixed and programmable counters greater 
than 10 

® Programmable decade counters 

® Divide-by-""N’’ counters/frequency 
synthesizers 

& Frequency division 

= Counter control/timers 


TERMINAL DIAGRAM 
Top View 


JAMS 

a4 

PRESET ENABLE 
JAM 4 


\e 
2 
3 
4 
5 
6 
7 
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Preliminary Data 


Features: 
® Medium speed operation...... 10 MHz (typ.) at 


Vpp — Vss = 10 V 

@ Fully static operation 

= 100% tested for quiescent current at 20 V 

= Standardized, symmetrical output characteristics 

= 5-V, 10-V, and 15-V parametric ratings 

§ Meets all requirements of JEDEC Tentative Standard No. 13A, 
“Standard Specifications for Description of ‘B’ Series 
CMOS Devices” 
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FUNCTIONAL DIAGRAM 


RECOMMENDED OPERATING CONDITIONS 


For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 


CHARACTERISTIC LIMITS 


Supply-Voltage Range 
(For Tp = Full Package 
Temperature Range) 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +125 Apply to D,K,F,H Packages 
Values at —40, +25, +85 Apply to E Package 


Urraiy 
63 [a Nee ae [aa [ase no [ne 
eopaisps a Ls [iso fo] — Loon f 5 


CHARACTER- 


ISTIC pho 


Quiescent Device 
Current, 
Ipp Max. 


Output Low 
(Sink) Current 
lot Min. 


Output High 
(Source) 
Current, 

1OH Min. 


Output Voltage: 
Low-Level, 
VoL Max. 


Output Voltage: 
High-Level, 
VOH Min. 


Input Low 
Voltage, 
Vit Max. 


Input High 
Voltage, 
ViIH Min. 


Input Current 
{iN Max. $0.1 
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-D4018B Types 


) ' 


MAXIMUM RATINGS, Abso/lute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vpp) rh 


(Voltages referenced to Vs Terminal) SPEIRS: ore mist Stes oetat Ne ee oa wee -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS. 5-5... ipeiteman: ete eutle Sax. —0.5 to Vpp +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT . . PES Wea Aen err | ore a a +10 mA 


POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) 


ecilteees a 500 mW 
Derate Linearly at 12 mW/°C to 200 mW 


For TA = —55 tos \OOCC (PACKAGE MYPES O:F.K) sae 2 le. ee ee ae 500 mW 

For Ta = +100 to +125°C (PACKAGE TYPES D, F, K). .° . Derate Linearly at 12 mW/°C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . . . . 100 mw 
OPERATING-TEMPERATURE RANGE (Ta): 

PACKAGE TYPES DEF. KiH See, 0c) Bg) Sew om yee ye ee —55 to +125°C 

BACK AGEATVPETE Settee aerate be a ee RM tar —40 to +85°C 
STORAGE TEMPERATURE RANGE (Tog) . - . . - » - ~~. ~~ = - 65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) fromcase for10smax. . . . ... . +265°C 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,, te = 20 ns, 
Cy, = 50 pF, Ry = 200k2 


CHARACTERISTIC. 


CLOCKED OPERATION 


Propagation Delay Time; 
TPLH: tPHL 


Transition Time; 


TTHL: 'TTLH 


Maximum Clock Input Frequency, 


fCL 


Min. Clock Pulse Width, 
tw 


25 


Unlimited 


Clock Rise & Fall Time; 
teCL, tsCL 


= 
i=) 


Min. Data Input Set-Up Time, 
ts 


Min. Data Input Hold Time, 
tH 
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Average Input Capacitance, C; Any Input 


PRESET* OR RESET OPERATION 


* At PRESET ENABLE OR JAM Inputs. 


Propagation Delay Time; 
Reset or Reset to Q 


TPLH: PHL 


Min. Preset or Reset Pulse Width 
tw 


Min. Preset or Reset Removal 
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CD4018B Types 


Yss 


ALL INPUTS PROTECTED 
BY COS/MOS INPUT 


PROTECTION NETWORK DETAIL OF TYPICAL STAGE 


Fig. 1 — logic diagram. 


(“DATA" INPUT TIED TO Qs FOR DECADE COUNTER CONFIGURATION) 


Jom 
Jam? 
Jom3 
Jamg 


Jams 


92CM- 26752 


EXTERNAL CONNECTIONS FOR DIVIDE 
BY 10, 9, 8 7, 6, 5, 4,3 OPERATION 


ALAMO eh Se A AD 


DIVIDE BY 10 as 
IVIDE BY 8 Ga | CONNECTED | NO EXTERNAL 
B a. |é BACK TO | COMPONENTS 
DIVIDER ey ae 3 | "pata REQUIRED 
DIVIDE BY 4 
DIVIDE BY 2 a 
DIVIDE BY 9 
— — 172. COS0118 _ _ 
Gs | 1 
i H CONNECTED BACK TO “DAT*” 
t (SKIPS “ALL-I's” STATE) 
' 
iD at tapi hg sage J 
DIVIDE BY 7 
12 C0408 _ 
5 ! 
i | _ CONNECTED BACK TO “DATA® 
+ | (SKIPS "ALL- Fe” STATE) 
[SS eos eee 
DIVIDE BY 5 
eee COANE 
Q, i ' 
: |___ CONNECTED BACK TO "DATA" 
' (SKIPS “ALL- Ps® STATE) 
' 
eeeeen Sie ee J 
DIVIDE BY 3 
ee COSOe Re 
a, ! 1 
; |___ CONNECTED BACK TO “DATA® 
! (SKIPS "ALL-Pe* STATE) 
' 
tit oo eee 4 


S2CS-ITOTING 


Fig. 3 — External connections for divide by 10, 9, 8, 7, 
6, 5, 4, 3, 2 operation. 
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C )/MOS Ripple-Carry 


Binary Counter/Dividers 
digh-Voltage Types (20-Volt Rating) 83 


°D4020B — 14 Stage 
2D4024B— 7 Stage 


SD4040B-12Stae (SD 


RCA-CD4020B, CD4024B, and CD4040B ~ 


are ripple-carry binary counters. All counter: 


stages are master-slave flip-flops. The state _ 
of a counter advances one count on the - 
negative transition of each input pulse; a high 


level on the RESET line resets the counter to 


its all zeros state. Schmitt trigger action on. 


the input-pulse line permits unlimited clock 
rise and fall times. All inputs and outputs 
are buffered. 
The CD4020B, CD4024B and CD4040B-series 
types are supplied in 16-lead ceramic dual-in- 
line packages (D and F suffixes), 16-lead 
idual-in-line plastic packages (K suffix), and 
in chip form (H suffix). 


“~* = Common reset - 


CD4020B; CD4024B, CD4040B Types 


Preliminary Data... 
Features: 
a Medium-speed operation 
8 Fully static operation —- ~~ .—.— 


® Buffered inputs and outputs ©- . 


= 100% tested for quiescent current at20V . ~ 
® Standardized, symmetrical output ~~ ~~~ =, >>" 
--- Characteristics ———~ -.—. —___-_+— 


@5-V, 10-V, and 15-V parametric ratings -~ - 


® Meets all requirements of JEDEC Tentative . 
Standard No. 13A, “Standard Specifications 


for Description of ‘B’ Series CMOS Devices”. © 


Applications: - 3 Jie eae 
® Control counters —.. ® Frequency dividers._ _ - 
®@ Timers @ Time-delay circuits - 


The CD4024B-series types are supplied in 
14-lead hermetic dual-in-line ceramic pack- 
ages (D and F suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic 
flat packages (K suffix), and in chip form 
(H suffix). 


| STATIC ELECTRICAL CHARACTERISTICS 


CONDITIONS 
(V) (Vv) | (Vv) 


LIMITS AT INDICATED TEMPERATURES (°C) 
Values at —55, +25, +125 Apply to D,K,F,H Packages 
Values at —40,+25, +85 Apply to E Package 


CHARACTER- 
ISTIC 


Quiescent Device 
Current, 
IDp Max. 


Output Low 
(Sink) Current 
loL Min. 


Output High 


| 46 | os | 5 |-o64|-o61[-o42|-o36[-o51] —1 | 
| =2 [=18 [=i 


Souce) [25 [oss [2 [ore [1a [=ras[=18 [a2 | = | 
Cc 
‘Onin, [850x010 [16 [=15 [=r [08 [-13 | =2 


Output Voltage: 
Low-Level, 
VOL Max. 


Outpet Voltage: 
Higt Level, 
Vor Min. 


Input Low 
Volege, 
Vik Max. 


Input gh 
Volrge, 
Min. 


Input urrent 
lin ¥8%- 
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PULSES 
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CD40208 


FUNCTIONAL DIAGRAM 


7-STAGE 
RIPPLE 
COUNTER 


NC= 8,10, 13 


CD4024B 
FUNCTIONAL DIAGRAM 


12-STAGE 
RIPPLE 
COUNTER 


FUNCTIONAL DIAGRAM 


7 BUFFERED OUTPUTS 
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12 BUFFERED OUTPUTS 


12 BUFFERED OUTPUTS 


92CS-2505IR2 
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3*ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Yss 9203-29049 


Fig. 1 — Logic diagram for CD40208. 


3tALL PUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 


Vv 
ss 92CS-29051 


Fig. 2 — Logic diagram for CD40248. 


a3 
FF3-FFII 
a 
FALL INPUTS ARE -- 
PROTECTED BY 
COS/MOS PROTECTION 
WET WORK al Gz rosie 


Yss 9203-29032 


Fig. 3 — Logic diagram for CD4040B. 


RECOMMENDED OPERATING CONDITIONS 


CD4020B, CD4024B, CD4040B Types 


For maximum reliability, nominal operating conditions should be selected 


so that operation is always within the following ranges: 


CHARACTERISTIC 


Supply-Voltage Range (For TA = 
Full Package-Temperature Range) 


MAXIMUM RATINGS, Abso/ute-Maximum Values: 


OC SUPPLY-VOLTAGE RANGE, Vop (Voltages referenced to Vss terminal) 
INPUT VOLTAGE RANGE, ALLINPUTS . . . - - + + = «© = + 
POWER DISSIPATION PER PACKAGE (Pp): 

For Ta = —40 to +60°C (Package TypeE) - - - © - ss - 

For T, = +60 to +85°C (Package Type E) 

For T, = —55 to +100°C (Package Types D,K,H) 

For Ta = +100 to +125°C (Package Types D,K,H) 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T, = Full peckage-temperature range (All package types). 
OPERATING-TEMPERATURE RANGE (Ta): 

Package Types.OKH oie: se este we et ee 

Package TypeE. . - - + = + © © 
STORAGE-TEMPERATURE RANGE (TstG) ‘ 
LEAD TEMPERATURE (During Soldering): 

At distance 1/16 + 1/32 inch (1.59 + 0.79 mm) from case for 10 s max. 


—0.5 to +20 V 
—05to Yoo +0.5 V 


eee eat ae 500 mW 
Derate Linearly to 200 mW 
ely a, dees 500 mW 
Derate Linearly to 100 mW 


100 mW 

—55 to +125°C 
—40 to +85°C 
—65 to 150°C 


+265°C 


92C5--9050 


Fig. 4 — Detail of typical flip-flop stage. 


TERMINAL ASSIGNMENT 
Top View 


CD4020B 


Qi2 


Qi3 
Qi4 


Q6 
Q5 
Q7 
a4 

Vss 


ODNOWh WN 


CD40248 


16 Voo 

is Qui 

14 Q10 

13 QB 

12 ag 

i RESET 

10 > 

9 Ql 
92CS-24462 


92CS-24466 


NC = No Connection 


CD4040B 
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CD4020B, CD4024B, CD4040B Types 


DYNAMIC ELECTRICAL CHARACTERISTICS at Ta = 25°C, Input t,, ty = 20 ns, 
) C, = 50 pF, Ry = 200k2 


an ee ; 
’ TEST Vpp | TYPICAL — 
CHARACTERISTIC CONDITIONS VALUES 


Input-Pulse Operation 
Propagation Delay Time, $4 to Q, Out; jEot0 Bima 70 Gn 


baci oe 
Propagation Delay Time, Q,, to Q,, + 1; ye 


‘PHL: 'PLH 


Transition Time, 
 ttHL tTLH 


Minimum Input-Pulse Width, 


tw 


Input-Pulse Rise or Fall Time, 


tro. tig 


Maximum Input-Pulse Frequency, 
9 
y Input Capacitance, C, 


Reset Operation 


Propagation Delay Time, 
TPHL 


Minimum Reset Pulse Width, 
tw 


a 


fuel yne& 


it + giro 9.0. anil qaeG nai ait 


nated 


rit 
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COS/MOS Analog 


CD4051B, CD4052B, CD4053B Types 


Multiplexers/Demultiplexers* 


With Logic-Level Conversion 


High-Voltages Types (20-Volt Rating) 


CD4051B — Single 8-Channel 
CD4052B — Differential 4-Channel 
CD4053B — Triple 2-Channel 


RCA-CD4051B, CD4052B, and CD4053B 
analog multiplexers/demultiplexers are digi- 
tally controlled analog switches having low 
ON impedance and very low OFF leakage 
current. Control of analog signals up to 
20 V peak-to-peak can be achieved by digi- 
tal signal amplitudes of 4.5 to 20 V (if 
Vpop-Vss = 3 V, a VDD-VEE of up to 13 
V can be controlled; for Vpp-VEE level 
differences above 13 V, a Vpp-Vss of at 
least 4.5 V is required). For example, if 
Vop = +5 V, Vss = 0, and Veg = —-13.5 V, 
analog signals from —13.5 V to +4.5 V can 
be controlled by digital inputs of Oto 5V. 
These multiplexer circuits dissipate extremely 
low quiescent power over the full Vop-VSs 
and Vpp-VEE supply-voltage ranges, inde- 
pendent of the logic state of the control 
signals. When a logic ‘1’ is present at the 
inhibit input terminal all channels are off. 


The CD4051B is a single 8-channel multi- 
plexer having three binary control inputs, A, 
B, and C, and an inhibit input. The three 
binary signals select 1 of 8 channels to be 
turned on, and connect one of the 8 inputs 
to the output. 


The CD4052B is a differential 4-channel multi- 
plexer having two binary control inputs, A 
and B, and an inhibit input. The two binary 
input signals select 1 of 4 pairs of channels 
to be turned on and connect the analog in- 
puts to the outputs. 


The CD4053B is a triple 2-channel multi- 
plexer having three separate digital control 
inputs, A, B, and C, and an inhibit input. 
Each control input selects one of a pair of 
channels which are connected in a single- 
pole double-throw configuration. 


The CD4051B, CD4052B, and CD40538B are 
supplied in 16-lead ceramic dual-in-line pack- 
ages (D and F suffixes), 16-lead plastic dual- 
in-line packages (E suffix), 16-lead cera- 
mic flat packages (K suffix), and in chip form 
(H_ suffix). 


* When these devices are used as demultiplexers, 
the “CHANNEL IN/OUT” terminals are the 
outputs and the “COMMON OUT/IN” terminals 
are the inputs. 


Caen enn en a 


Applications: 


® Analog and digital multiplexing and demultiplexing 


@ A/D and D/A conversion 


B - Signal gating 


Features: 


Wide range of digital and analog signal 
levels: digital 3 to 20 V, analog to 

20 Vp-p 

Low ON resistance: 125 22 (typ.) over 15 
Vp-p signal-input range for Vpp-VEE = 15 V 
High OFF resistance: channel leakage of 
+100 pA (typ.) @ Vpp-Veg = 18 V 
Logic-level conversion for digital addressing 
signals of 3 to 20 V (Vpp-Vssg = 3 to 20 
V) to switch analog signals to 20 V p-p 
(Vpp-VEE = 20 V); see introductory text 
Matched switch characteristics: RON = 

5 2 (typ.) for Vop-VEE = 15 V 

Very low quiescent power dissipation under 
under all digital-control input and supply 
conditions: 0.2 pW (typ.) @ Vpp-Vss = 
Vpp-VEE = 10 V 


Binary address decoding on chip 
5-, 10-, and 15-V parametric ratings 
100% tested for quiescent current at 20 V 


Maximum input current of 1 2A at 18 V 
over full package temperature range; 

100 nA at 18 V and 25°C 

Meets all requirements of JEDEC Tentative 
Standard No. 13A, “Standard Specifications 
for Description of ‘B’ Series CMOS Devices” 


Supply-Voltage Range 
(Ta = Full Package- 


Temp. Range) 


Multiplexer Switch Input 
Current Capability * 


CHANNELS | 4 —4/@ 
IN/OUT 16 —42 
COM OUT/IN —43 


CHANNELS |? —4 4 
IN/ouT 15 —45 
INH —46 


VEE —47 


Yss ae 


* CHANNELS 
IN/OUT 


92C5 24482 


CD4051B 
Terminal Assignment 


Yoo 

2| X CHANNELS 
\ IN/OUT 
COMMON" X" QUT/IN 
0} xX CHANNELS 
3) IN/OUT 


Y CHANNELS | 0 
IN/OUT } 2 


COMMON “Y" CUT/IN 


Y CHANNELS |3 
IN/OUT tt 


INH 


Viaz 
YSS 


e 
a 


@ODNOAWRUN 


92CS-24483 


CD4052B 


Terminal Assignment 


RECOMMENDED OPERATING CONDITIONS AT Tp, =25°C (Unless Otherwise Specified) 


For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. Values shown apply to all types except as no ted. 


* In certain applications, the external load-resistor 
current may include both Vpp and signal-line 
components. To avoid drawing Vpp current 
when switch current flows into the transmission 
gate inputs, the voltage drop across the bidirec- 
tional switch must not exceed 0.8 volt (caicu- 
lated from Ron values shown in ELECTRICAL 
CHARACTERISTICS CHART). No Vop cur- 
rent will flow through Ry if the switch current 
flows into terminal 3 on the CD4051; terminals 
3 and 13 0n the CD4052: terminals 4,14, and 15 
on the CD4053. 


by 1e Yoo 
IN/OUT ¢ ba 2 OUT/IN bxor by 
cy 3 OUT/IN axor ay 
OUT/IN CX of CY 4 ay 
IN/OUT CX —45 eye: 
INH 6 A 
VEE % 8 
Yss 8 c 
92CS-244864 


CD40538 


Terminal Assignment 
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‘CD4051B, CD4052B, CD4053B Types 


RK ‘yum RATINGS, Absolute-Maximum Values: 
DC sUPPLY-VOLTAGE RANGE, (Vpp) 
(Voltages referenced to Vos Or Veg, whichever is more Negative) . 
INPUT VOLTAGE RANGE, ALL INPUTS . 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pp): 
For Ta = —40 to +60°C (PACKAGE TYPE E) 
For Ta = +60 to +85°C (PACKAGE TYPE E) : 
For Ta = —55 to +100°C (PACKAGE TYPES D,F,K) . 
For Ta = +100 to +125°C (PACKAGE TYPES D, F, K). 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR Ta = FULL PACKAGE-TEMPERATURE RANGE (AI! Package Types) 
OPERATING-TEMPERATURE RANGE on 
PACKAGE TYPES D,F,K,H 
PACKAGE TYPE E : 
STORAGE TEMPERATURE RANGE ia ) 
LEAD TEMPERATURE (DURING SOLDERING): 
At distance 1/16 + 1/32 inch (1.59 0.79 mm) from case for 10 s max. 


CHANNEL IN/OUT 


5 —0.5 to +20 V 
—0.5 to Vpp +0.5 V 
+10 mA 


500 mW 


Derate iingatly at 12 mW/°C to 200 mW 


500 mW 


Derate Pines at 12 mw/°c to 200 mW 


100 mW 

—55 to +125°C 
—40 to +85°C 
—65 to +150°C 


+265°C 


lou 2 
COMMON 


= OUT/IN 


5@— 
* 
BINARY 
s@— Pala BC 
LOGIC ues 
LEVEL 
im DECODER 
* CONVERSION 
¢@—— — WITH 
INHIBIT 
; « 
INH @)}———— 1 = 
SS 


| 
Oss en 


Fig. 1 — Functional! diagram of CD40518. 


9205 - 200 489A2 


1 X CHANNELS IN/OUT 
y 
: (he. aie OW 
A ® © © ® 
: 1s ie 
aE ere : 
| us COMMON X 
| OUT/IN 
| +) 
AC BINARY } 
* tosic | | on TG ae 
aC LEVE~ = 2 + COMMON Y 
iy CONVERS 2% Ba COD Sh oa SUTTinl 
INH ©—— y 
© be | INHIBIT a 
| mG _— 
oO ® @©@ @ 
(8) Yss VEE ee g Sy S2cS -20086R2 
io Y CHANNELS IN/OUT 
Fig. 2 — Functional diagram of CD4052B. 
BINARY TO 
1 OF 2 
LOGic DECODERS IN/OUT 
LEVE. Voo WITH / 
CONVERSION INHIBIT ca by bx oy ox 
OUT/IN 
ax or ay 
* 
be @ ——— 
ES OUT/IN 
bx or by 
* 
oO ——— 
* OUT/IN 
cx orcy 
¢ @— 
* 
INH ©—— 
*ALL INPUTS PROTECTED 
BY STANOARD COS/MOS 


PROTECTION NETWORK | 


os 
| | 

YY ae HE Vs 
' 
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Fig. 3 — Functional diagram of CD40538. 
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-2. -I 0 ] 2 3. C4 
INPUT SIGNAL VOLTAGE (V\,) — V 
92CS-27038 
Fig.4 — Typical channe/ ON resistance vs input 
signal voltage (all types). 


| SUPPLY VOLTAGE (Vpp - Veg) #10 V 


CHANNEL ON RESISTANCE (Ron) — 2 


AMBIENT TEMPERATURE [4 
(Ta)e +125°C euees 


20 cea went! Meads ee Bie sccee 
| #2 SSS BSS» - SSHO~ 28S. RSL AASSSSAN TRAD 


=255 0, 250015 
INPUT SIGNAL VOLTAGE (V\,) — V 
92CsS- 77039 
Fig.5 — Typical channel! ON resistance vs. input 
signa/ voltage (all types). 


PAMBIER TEMPERATURE (Ty) 


225°C 13% 


CHANNEL ON RESISTANCE (Roy) — 2 


INPUT SIGNAL VOLTAGE (V,,) — V 
92CS-27074R 
Fig.6 — Typical channel ON resistance vs. input 
signal voltage (all types). 


[ SUPPLY VOLTAGE (vp - Neg isis: V 


t-——41-- 


9205S -20087R2 


} 
- 
noord 
-5 -25 0 o tet te 
INPUT SIGNAL VOLTAGE (V,,) — V 
92CS- 27040 
Fig.7 — Typical channel ON resistance vs. input 
signal voltage (all types). 


<1.5 


nade Sareea | OR ee my er ey nanny 
ee i 


ape ies oe RP athena »t 
ne aaa (Seem 
sh aa Ae ue VEO gg¥erte = 


aun (Ee ee i he 


Lo er 


: 
4 a 
3 Pern OC é ’ i a. = ' 
‘ em C18 on JO Veen EP Ay emneha tema re 
Pe the OG8 ' «i 

vere a9 Qos CF repens Hated 


otk ORD, 


aPetrs a) cD P : 
Laut ot Ch . cat 


or ay OR y ra eee : 
7 fir) 
Vigacs 
wanes 
‘ epeoe Q 7 7" - 
sia he St \ ; ae 682s a) 0 uid eo Wh! 3 RS 
“) Vea, \eti re : 7 —_ 
Lies 
a ay 
f ew i ‘Tw a 7 rT 
C — “ane « irr) 
. + - 
| 
4 ’ _ =_ &, > 
ry * é 
= = ’ - ae? | ee oe 
io. © 7 
oul z we 
ale . es 50 | mmm aaiel 
¢ bd Clete 
a-nation taal Sinteg: 5 7 
oan pt a . 
——— - = 
. at he so» 2 
é - et por 


grr) * Hemme | 
y % 


oe 2) eros Vi} eed lenioeT - G64 
VePwwl 4) cetdiqn terres 


Cie marta 
‘ - —~. 4 ‘ 

jah fl Neagle Becta matene bf 
TY Css tsa eee 
| . e 

i’ cone ks = oid — -2 


( 


ee LJ i 
“ttt eee 
ree 


ELECTRICAL CHARACTERISTICS 


SIGNAL INPUTS 


Quiescent Device 
Current, !pp 


POWER DISSIPATION /PACKAGE (Pp) — pW 


ON Resistance 
0<Vis<VpD 


AON Resistance 
(Between Any 
Two Channels) 


OFF Channel 
Leakage Current: 


Any Channel 


All Channels 
OFF (Common 
OUT/IN) Max. 
Capacitance: 


Input, Cis 
Output, Cos | 


Feedthrough, 


Propagation Delay 
Time (Signal |n- 
put to Output 


CHARAC- 
TERISTIC 


is 
(Vv) 


Max. 


RON Max. 


ARON 


OFF Max. 


CD4051 
CD 4052 
CD4053 


Cios 


CONDITIONS 


Vee |Vss |Yp 
(Vv) | (Vv) | (Vv) 


(Vis) AND OUTPUTS (Vos) 


Les | S| st | eon iol 00a] bt ua 

[fo 10- [10] 300 3007 — [0.04 [10 
Ts [e0 [20600 | 600 | = [0.04 [20 
[100 {3000 /3000/ = [0.08 | 100_| 


D | Values at —40, 


MBIENT TEMPERATURE(T,) « 25°C 
“amo *\" parTeRNA, 


1 


ST OwmNG FREQUENCYIN) — thr 


10% ohd 


9zcs-zz720M 


Fig.11 — Typical dynamic power dissipation 
vs. switching frequency (CD40538). 


ee eet OO 


LIMITS at Indicated Temperature (°C) 
Values at —55,+25,+125, apply to D,F,K.,H pkg 
+25,+85, apply to E pkgs 


[Min| Typ. | Max. | 


2100 | 3200/3500} — 
330) 52015803 — 
230 | 360 |400/ — 


Voop * *!5 ¥ 
O 


VEE: 
O 


O 
¥sg * OV 


(a) 


CD4051B, CD4052B, CD4053B Types 


470 2500 
180 400 
125 280 
10 = 


+200* 
+200* 
+200* 


=OF01 
+0.01 
+0.01 


Vpo * *7.5.V 
O 


Units 


nA 


POWER DISSIPATION/PACKAGE (Pp) — pW 


POWER DISSIPATION / PACKAGE (Pp)—pW 


OUTPUT SIGNAL VOLTAGE (Vos) — VOLTS 


S! SUPPLY VOLTAGE Vop*S5V 


Vsg*OV Veer=sv 


AMBIENT TEMPERATURE (Ta) *25°C 


=4 2p 0 


2 s 6 


INPUT SIGNAL VOLTAGE (V,,) — VOLTS 


92CS-22717R1 


Fig.8 — Typical ON characteristics for 


1 of 8 channels (CD40518). 


LOAD CAPACITANCE (C, ) » 50 oF 


AMBIENT TEMPERATURE(T,) * 25°C. 
ALTERNATING “O* ANO “|” >ATTERN 


Test circuit 


10 o2 


end 


SWITCHING FREQUENCY(f) —kHr 


92C5-22718R) 


Fig.9 — Typical dynamic power dissipation 
vs. switching frequency (CD4051B). 


AMGIENT TEMPERATURE (T,)* 25° 


ALTERNATING "O° AND “i” PATTERN | 


LOAD CAPACITANCE (C; )*50 oF ee 
5 


aS 


ire} 


2 
SWITCHING FREQUENCY (f)—kHr 


103 108 


92CS- 2271981 


Fig.10 — Typical dynamic power dissipation 
vs. switching frequency (CD40528). 


Ypo * *5 V 
O 


The ADDRESS (digital-control inputs) and INHIBIT logic levels are: 


“Q" = Vgg and "1" 


swing from Veg to Vop.- 


= Vpp. The analog signal (through the TG) may 


Fig.12 — Typical bias voltages. 


92CS-20088R: 
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'(CD4051B, CD4052B, CD4053B Types 


EL. ba CHARACTERISTICS (Cont’d) 
LIMITS at Indicated Temperature (°C) 


CONDITIONS Values at —55,+25,+125, apply to D,F,K,H pkg 
Vis VEE Vss Vop | Values at —40,+25,+85, apply to E pkgs 
miwmlw joo 
+ + 
[Min Typ. | Max._| 


CONTROL (ADDRESS or INHIBIT) Vc 


CHARAC- 
TERISTIC 


Input Low 
Voltage, Vic 
Max. 


Input High 
Voltage, Vin 


Min. 


on all OFF 
Channels 


Input Current, 
lin Max. 


Propagation 
Delay Time: 
Address-to- 
Signal OUT 
(Channels ON 
or OFF) See 

Figs.14,15,18 


ns 


RL=10 k2, CL=50 pF 
tr, t¢ = 20 ns 


Inhibit-to- 


© OUT 
vannel turn- 


ing ON) 


Ri =30022,Cy, =50 pF 
tr,t¢ = 20 ns 


Inhibit-to- 
Signal OUT 
(Channel turn- 
ing OFF) 
Input 
Capacitance, Cp) 
(Any Address 
or Inhibit Input) 


“ON” CHANNEL(S) 
rivnierr [c |e [a 


X = Don't care 
Fig. 13 — Truth tables. 


TURN-ON TIME 


92CS-27042 


Fig.14 — Waveforms, channel being 
turned ON (Ry, = 10kQ). 


TEST CIRCUITS 


@arvrousun — 
@Oarxnaonrnaun — 


== TURN - OFF 
TIME 


92CS-27043 


Fig.15 — Waveforms, channel being 
=) turned OFF (Ry = 300 2). 


= c04052 


= CD405! 
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@OnNOWShWN — 


= CD4053 


Fig.16 — OFF channel leakage current — any channel OFF. 
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CD4051B, CD4052B, CD4053B Types 


ELECTRICAL CHARACTERISTICS (Cont'd) TEST CIRCUITS (Cont'd) 


TEST CONDITIONS 
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# Both ends of channel channels OFF. 
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Fig.18 — Propagation delay — address input to signa/ output. 
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Fig.19 — Propagation delay — inhibit input to signa/ output. 
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CD4051B, CD4052B, CD4053B Types 
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CD405i 


MEASURE <2 yA ON ALL Vie 
“OFF” CHANNELS (eg CHANNEL 6) 


Fig. 20 — Input voltage. 
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Fig.22 — Channel ON resistance 
measurement circuit. 
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Fig.24 — Feedthrough (al/ types). 


5 V p-p 
CHANNEL IN X 
NG) OK OR OFF 


CHANNEL IN Y Ge 
| ON OR OFF 


92¢$-27051 
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TEST CIRCUITS (Cont'd) 
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NOTE 
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CD4053 MEASURE INPUTS 
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Vpp AND Vgg CONNECT 
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Fig. 23 — Input current. 
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Fig.25 — Crosstalk between any two channels (all types). 
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Fig.27 — Typical time-division application of the CD4052B. 
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CD4051B, CD4052B, CD4053B Types 


SPECIAL CONSIDERATIONS 


In applications where separate power sources 
are used to drive VOp and the signal inputs, 
the Vop current capability should exceed 
Vop/RL (RL = effective external load). This 
Provision avoids permanent current flow or 
clamp action on the Vpp supply when power 
is applied or removed from the CD4051B, 
CD4052B, or CD4053B. 

When switching from one address to another, 
some of the ON periods of the channels of 
the multiplexers will overlap momentarily, 
which may be objectionable in certain ap- 
plications. Also when a channel is turned 
ON or OFF by an address input. there Is a 
momentary conductive path from the chan- 
nel to VEE, which will dump some charge 
from any Capacitor connected to the input 
or output of the channel. The inhibit input 


turning ON a channel will similarly dump 
some charge to VEE. 

The amount of charge dumped is mostly 
a function of the signal level above VEE. 
Typically, at Vop-VEE = 10 V, a 100 pF 
capacitor connected to the input or output 
of the channel will lose 3-4 % of its voltage at 
the moment the channel turns ON or OFF. 
This loss of voltage is essentially independent 
of the address or inhibit signal transition 
time, if the transition time is less than 1-2 
us. When the inhibit signal turns a channel 
OFF, there is no charge dumping to Veg. 
Rather, there is a slight rise in the channel 
voltage level (65 mV typ.) due to capacitive 
coupling from inhibit input to channel input 
or output. Address inputs also couple some 
voltage steps onto the channel signal levels. 
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Dimensions and pad layout for CD4051BH. 
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v 68S UUIN-LZIYG0R 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


SERIES UDN-2980A 
HIGH- -VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


FEATURES 
© TTL, DTL, PMOS, or CMOS Compatible Te 
© 500 mA Output Source Current Capability 
e Transient-Protected Outputs iat: 
a Output Breakdown Voltage to 80 V 


Reece MENDED for applications requiring sep- 

arate logic and load grounds, load supply volt- 
age to +80 V, and load currents to 500 mA, Series 
UDN-2980A source drivers are used as interfaces 
between standard low-power digital logic and relays, 
solenoids, stepping motors, and LEDs. 


Under normal operating conditions, these devices 
will sustain 120 mA continuously for each of the 
eight outputs at an ambient temperature of +50°C 
and a supply of +15 V. All devices in this series 
incorporate input current limiting resistors and out- 
put transient suppression diodes. 


Type UDN-2981A and UDN-2983A drivers are 
for use with +5 V logic systems — TTL, Schottky 
TTL, DTL, and 5 V CMOS. Type UDN-2982A and 
UDN-2984A drivers are intended for MOS interface 
(PMOS and CMOS) CctaUne from supply ESS 


DH WO. b& 10,243 


of 6 to 16 V. Types UDN-2981A and UDN-2982A 
will sustain a maximum output OFF voltage of 
+50 V, while Types UDN-2983A and UDN-2984A 
will sustain an output voltage of +80 V. In all cases, 
the output is switched ON by an active high input 
level. 


Series UDN-2980A high-voltage, high-current 
source drivers are supplied in 18-lead dual in-line 
packages. On special order, hermetically-sealed ver- 
sions of these devices (with reduced package power 
dissipation capability) can also be furnished. 


ABSOLUTE MAXIMUM RATINGS 
at 25°C Free-Air Temperature 


Output Voltage Range, V._ (UDN-2981A & UDN-2982A) 
(UDN-2983A & UDN-2984A) 

Input Voltage, V,., (UDN-2981A & UDN-2983A) 
(UDN-2982A & UDN- 22044) 


Outpur Current, i, WOR 298) Rthoado Vem SONY. = 
Power Dissipation, P, (any one driver) eee ae 
total-package}-rittt os ata ks 


Operating Temperature Range, T, 
Storage Temperature Range, T; 
*Derate at the rate of 18 mW/°C above + 25°C. 
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HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


POWER DISSIPATION 
ONE OF EIGHT DRIVERS AS AFUNCTION OF AMBIENT TEMPERATURE 


2983/84 ONLY 


(9) CUTPUT 


ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


GRCUND (10) 
DWG.NO. A-10,242B 


AMBIENT TEMPERATURE IN °C 


Dwg. No. A-11,112A 


ELECTRICAL CHARACTERISTICS at T, = +25°C (unless otherwise specified) 


Applicable Test 
Charactenstic Symbol Devices Test Conditions Fig. 
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SERIES UDN-2980A a 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 
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TEST FIGURES 


OWG. NO.A-11,08 DWG. NO. A-11,084 


Figure 1 Figure 2 
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Figure 3 Figure 4 
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ALLOWABLE PEAK COLLECTOR CURRENT IN mA AT 70°C 


~ HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


ALLOWABLE PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
TYPE UDN-2981A/82A 


RECOMMENDED MAXIMUM OUTPUT CURRENT fever Fo 
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HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


ALLOWABLE PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 
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SERIES UDN-2980A 


HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 
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INPUT CURRENT, lin (mA) 


INPUT CURRENT © 
AS A FUNCTION OF INPUT VOLTAGE 
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HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 
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SERIES ULN-2800A 
HIGH-VOLTAGE, HIGH-CURRENT 
DARLINGTON TRANSISTOR ARRAYS 


DEALLY SUITED for interfacing between low- 

level digital logic circuitry and high-power periph- 
eral loads, the Series ULN-2800A high-voltage, high- 
current Darlington transistor arrays feature peak load 
current ratings of 600 mA (Series ULN-2800A and 
ULN-2820A) or 750mA (Series ULN-2810A) for 
each of the eight drivers in each device. Under the 
proper conditions, high-power loads of up to 4 A at 
50V (200 W at 23 duty cycle) or 3.2 A at 95 V (304 W 
at 33% duty cycle) can be controlled. Typical loads 
include relays, solenoids, stepping motors, multiplexed 
LED and incandescent displays, and heaters. All de- 
vices feature open collector outputs and integral dio- 
des for inductive load transient suppression. 


The Series ULN-2801A devices are general purpose 


arrays which may be used with standard bipolar digital 
logic using external current limiting, or with most 
PMOS or CMOS directly. All are pinned with out- 
puts opposite inputs to facilitate ease of circuit board 
layout and are priced to compete directly with discrete 
transistor alternatives. 


The Series ULN-2802A was specifically designed for 
use with 14 to 25 V PMOS devices. Each input has a 
Zener diode and resistor in series to limit the input 
current to a safe value in that application. The Zener 
diode also means excellent noise immunity for these 
devices. 


The Series ULN-2803A has a 2.7 kQ series base re- 
Sistor to each Darlington pair, and thus allows opera- 
tion directly with TIL or CMOS operating at a sup- 
Ply voltage of 5 V. These devices will handle numer- 
Ous interface needs — particularly those beyond the 
Capabilities of standard logic buffers. 


The Series ULN-2804A features a 10.5 kQ series 
input resistor to permit their operation ‘directly from 
CMOS or PMOS outputs utilizing supply voltages of 
6to15 V. The required input current is below that of 
the Series ULN-2803A while the required input volt- 
age is Jess than that required by the Series ULN-2802A. 


The Series ULN-2805A is especially designed for 
_ Use with standard and Schottky TTL where higher 
Output currents are required and loading of the logic 
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output is not a concern. These devices will sink a 
minimum of 350 mA when driven from a “totem 
pole” logic output. 


The Series ULN-2800A is the standard high- 
voltage, high-current Darlington array. The output 
transistors are capable of sinking 500mA and will 
withstand at least 50 V in the OFF state. Outputs may 
be paralleled for higher load current capability. The 
Series ULN-2810A devices are similar except that 
they will sink 600mA. The Series ULN-2820A will 
withstand 95 V in the OFF state. -~ ~ 


All Series ULN-2800A Darlington arrays are fur- 
nished in an 18-pin dual in-line plastic package. 


Device Type Number Designation 
50 V 50 V 95V 
500 mA | 600mA | 500mA 

Type Number 
| 
Trcetenaee ULN-2801A | ULN-2811A | ULN-2821A 
Mos | ULN-2802A | ULN-2812A | ULN-2822A 
ru cmos | ULN-2803A | ULN-2813A } ULN-2823A 
cmos, pmos | ULN-2804A: | ULN-2814A | ULN-2824A 
High Qutput ) ULN-2805A | ULN-2815A | ULN-2825A 
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SERIES ULN-2800A 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 
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ABSOLUTE MAXIMUM RATINGS at 25°C Free-Air Temperature 
for any one Darlington pair Gs otherwise noted) 


Output Voltage, Vee (Series ULN- 2800" 28108) eee neem neni CACORE © aneernninentNioerisicerierefes 50V 
(Series ULN-2820A)...... i cee.-e- es. tor a wee Be 4 oie oe pe 1 | 95V 

ProubVoltage, V,; (SeriesiiN=78022 2803 92804 A)... Beha 5. . eee Oe MO: «woos e cee Boat eebasite ols oe Merde seein 30 V 
PSCHIESTULINGZOUDA) So cs Rae he fe aR ee Ps ea MEE ccis cies'a 9 2c'afe  Sgysia 6's eae + Ot 8 Re gale. 15V 

Continuous Collector Current, te (Series ULN-2800, 2820A)..............-20000- Seren ors TOR SET WE OEE EEE 500 mA 
s(Series ULN:2810A) guemmeaehncusanrat rete ay ena sieasieeceeeeeivaliciaiteielkahin ee wie aa DOOUTIA 

Continuous Base Carrent 1 BO a i oho: ~ ie ae Deh! NOM he Balle < ake Sa RN eM, 25 mA 
Power Dissipation, P. (one Darlington pai). 2-8. 4.8 nas) tee a neces ate Cae eee ee i a ee 1.0W 

11 otal package); bo... oe. bccs Pe Se ane ee aes ee ts ee 2.25 W* 

Operating Ambient wemperature Ranges 1... RH... .-6.ue o-Ps pan eee eee se ccce rR OE —20°C to +85°C 
Storage Temperature Raney let «:.o.<. Posssccneeus eh an eens ey ee ee —55°C to +150°C 


*Derate at the rate of 18. 18mW/°C above 25°C. 
Under normal operating conditions, these devices will sustain 350 mA per output with Vergar, = 1.6 V at 50°C with a pulse width of 20 ms and a duty cycle of 40%. 


PARTIAL SCHEMATICS 


> COM 


oCOM 


a 


te ee ee ~~ ------}---- = 


DWG. Ho. A-9650 OMG. Bo. 4-965! 
Ow BO. 42-9595 
Series ULN-2801A Series ULN-2802A Series ULN-2803A 
(each driver) (each driver) (each driver) 


oCOM 


OwG. MO, 4-98984 


Series ULN-2804A Series ULN-2805A 
(each driver) (each driver) 
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HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 


SERIES ULN-2800A 


ELECTRICAL CHARACTERISTICS at 25°C (unless otherwise noted) i 


is Applicable : 
Characteristic = Devices Test Conditions . Typ. Max. 


Output Leakage Current | Icex Vee = 50V, Ty = 25°C - A 
Vee = 50V, T, = 70°C - - 100 | yA 
et OOD [Vers BV, T= TO Var = BO | == S| ah 


ULN-2804A | Vee = SOV, Ta = 10°C, Vw = LOV 


Veceisan lc = 100 mA, Is = 250 vA 0:0 ee hee| gia b 
rte NE aad Ip = 350 uA kip dor lap 
= 350 mA, nese = ak — PSG ved! 


input Curren 
re Vo = 3850 

ULN-2804A 

C1200 CT CE 

@ KE SE 
Pmon [oa [ie= 500A, Ta = 10 


ta 
AE TE Sn aa ae 
ULN-2808A 
Vce = 2.0V, Ic = 300 mA i See ee 
2 ea i eee ee 
ULN-2804A [ies V.le= ama [== 
Tesh ewan! a eee 


ee DOV. I= 350 mA 


Input Voltage Vin(on) 
ULN-2805A | Vce = 2.0V, Ie = 350 mA 


D-C Forward Current ULN-2801A Vee = 2.0V, ie = 350 mA eo - 
wae Ratio 


eee ar 
er — Pe a = Sarre 
arse [tow |= [A [0 5 025 10 [as 


TNL Diode Va = 50V, Ts = 25°C ere 
Leakage Current Ve = 50V,-T, = 70°C 

Clamp Diode ry = 350 mA an 2.0 < 
Forward Voltage 


Series ULN-2800A ond ULN-2810A devices ore also available (with 
reduced package power capability) in industrial-grade hermetic 
packages. To order, change the last letter of the part number from ‘A’ 
to ‘R’. Note that the high- -voltage devices (BV¢g = 95 ” ore not 
presently available with this packaging option. “ 
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SERIES ULN-2800A 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 


SERIES ULN-2810A 


ELECTRICAL CHARACTERISTICS at 25°C (unless otherwise noted). © 


Tee 
Characteristic Symbol | Fi “ Devices Test Conditions 
Output Leakage Current 
pene tt. ey ie Vea SOV, ne 
Sra . Pat | ULN-2812A | Vee = 50V, Ta = 70°C, Vi = 6.0V 
Vee = 50V, Ty = /0°C, Vin = 1.0V 


= hs le = 200 mA, Ip = 350 uA oe ar tpg |e 
Be Cae Is = 500 uA iS RG 
= 500 mA, |, = 600 uA 1.9 


Limits 
Typ. Max. 


Units 


, 
(3) on 
<> Oo 
<j/—</E/EITEIE 
>| >] >| & 


—_ 
(= 
So 


| 
[Sal 
(a2 
cS 


Collector-Emitter . 
Saturation Voltage 


D-C Forward Current | Tin 2 | ULN- BIA Vee = 2.0V, Ic = 350 mA 1000 
Transfer Ratio Vee = 2.0V, Ic = 500 mA 
Input Capacitance eC | f=) ef MRD 


A LT TE 
TurmoWDeay | tor | 05 E1005 Eo 


ater Diode - use = 50V,T, = 25°C 
Leakage Current Fee oft a = 50'V, Ta = 70° . 
Clamp Diode Ve 7 All ~ = 350mA 

Forward Voltage ap (tle 


lr = 500 mA 
Series ULN-2800A and ULN-2810A devices are also available (with 
reduced package power capability) in industrial-grade hermetic 
packages. To order, change the last letter of the part number from ‘A’ 
to ‘R’. Note that the high-voltage devices (BVcp = 95 V) are not 
presently available with this packaging option. 
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re= sean bane = 
Input Current = Sah Ry 
Vm = 385V 
ULN-2814A | Vin = 5.0V 
: ioe 
Vu = 30V SE [mc] 
cn [ear = SDAA Ty = 10 
Input Voltage Vinton) | 5 Vee = 2.0V, Ic = 500 mA Som nim 
; ULN-2813A | Vce = 2.0V, Ic = 250mA 
7 Vee = 2.0V, Ic = 300 mA 
Vee = 2.0V, Ie = 500 mA res Te 
ULN-2815Ay [eesnc 0. Vilci— 2ibmAnmeneios| > —oree=ier7.0 
Ver=20Viic=s0ma | - — 80 [V | 
Vee = 2.0V, Ic = 500 mA eas Fe 
| ULN-2815A | Vee = 2.0V, Ie = 500 mA Ser? Lek 
mal 
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HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 


SERIES ULN-2820A 


ELECTRICAL CHARACTERISTICS at 25°C (unless otherwise noted) 


ee) eae 
Characteristic Symbol | Fig. | Devices Test Conditions 
Sr Cre |e 
Ver = SBV, Ta = 10°C 
1B 


ULN-2822A | Vce = 99V, Ta = /0°C, Vin = 6.0 V - 
ULN- EE Vee = 95 V, Ua = 70°C. Vin = 1.0 V 


yaa le = 100 mA, Ip = 250 uA — 09 Il 
Ic = 200 mA, I, = 350 uA ee eels 
le = 350 mA, I, = 500 uA eai3@ 16 


Collector-Emitter 
Saturation Voltage 


Input Current lnwon | 3 | ULN-2822A — 0.82 1.25 
ULN-2823A | Viv = 3.85V — 0.93 1.35 


ULN-26244 
| ULN-2825A | Vw=30V 
a PAN le = 500A TA 70S | (. 


Input Voltage VintOn Vee = 2.0V, le = 300 mA Eames ae 
ULN 28238 [Vers 20V Tes 2WmA | = 
ee 
RO NIG SD A | acne 
SAT Be = a LL 


SEUSS uae | ZOV, lo= 200 mA 


See] ree aE 


Vee = 2.0V, cei UA SSS RAS) 


ULN-2825A eae 9 nomen Rae a 


D-C [ne aed Current ae ee 2821A roe - DV, Ic = 350 mA 1000 — eee 
Pee Ratio 


eal a a 
eS ee 
LCS > 


cand Per 
Leakage Current Ve = 95V, Ta = 10°C 


Clamp Diode l- = 350 mA a= GWE rae Tay 
Forward Voltage 
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HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 


WG. MO. 4-97354 


FIGURE 6 


TEST FIGURES 


OPEN VCE 


OPEN 


OWG. MO. A-9732 


FIGURE 3 


OPEN 


OwG. MO. A-S734A 


FIGURE 5 


DwG. WO. A-9736 


FIGURE 7. 
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HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 


COLLECTOR CURRENT COLLECTOR CURRENT 
AS A FUNCTION OF SATURATION VOLTAGE : AS A FUNCTION OF INPUT CURRENT 
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ALLOWABLE AVERAGE POWER DISSIPATION 
AS A FUNCTION OF AMBIENT TEMPERATURE 


2:5 
DEVICE LIMIT 
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ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS 


AMBIENT TEMPERATURE IN °C OW. WO. 10,3794 
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HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 


. PEAK COLLECTOR CURRENT 
AS A FUNCTION OF DUTY CYCLE 


NUMBER OF OUTPUTS 
CONDUCTING 
SIMULTANEOUSLY 


ALLOWABLE PEAK COLLECTOR CURRENT IN mA AT 70°C 


0 rs s 
PER CENT DUTY CYCLE Dwg. No. A-11,037 


NUMBER OF OUTPUTS 
CONDUCTING 
SIMULTANEOUSLY 


ALLOWABLE PEAK COLLECTOR CURRENT IN mA AT 50°C 


40 60 
PER CENT DUTY CYCLE Dwg. Ho. A-10,380A 
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HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 


INPUT CURRENT 


AS A FUNCTION OF INPUT VOLTAGE 


INPUT CURRENT IN mA = ling 


INPUT VOLTAGE = Ving 
DWG. RO. 497578 


SERIES ULN-2802A 


AREA OF NORMAL 
OPERATION WITH 
STANDARD OR 
SCHOTTKY TTL 
ZG 42:5 , 3.01 4 Cidae 4:00 4:5e5.0, 5.5 6,0 
INPUT VOLTAGE = Ving 


INPUT CURRENT IN mA = tiny 


AG. BO. &-S7568 


SERIES ULN-2803A 
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INPUT CURRENT IN mA = ling 


INPUT VOLTAGE- Vin 


SERIES ULN-2804A 
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INPUT CURRENT IN mA = tiny 


\ AREA OF NORMAL 
OPERATION WITH 
STANDARD OR 
SCHOTTKY TIL 


0 
1§ 2.0 2.59 3.0° 3.5 -hea0 
INPUT VOLTAGE = Viny 

| WM. RO. 10, 258 


~ SERIES ULN-2805A 


THANA AUIUCICHIAAL FIVIVFILIAAM NOUS eae UP Tei 
ee et “ etinnninnteeemeaiae is aaieate : wl i b- 


ag 


or ng oe acne : ay 


Vy) _ 7 
* = 


wer Sreeecs; fe oe 


APORL-AL) t2i452 


a ‘ * it eo: 
; 


— Sh hae eee oe f 
| fy 
: f Af, ~~ | 
' f y ‘ 
ami hb hide. so 5 
Ot me 7 
; P | 
. 2k eee > 
WO iF ae 5 
pore dinbet kb by y S 
| Me V/A : 
| Man oh S 
ain al 
Ary Pe aT) ® 
bad 
{ vs CG 
’ apa? GY pene > 4 
I has 4 
; | 


ttn WOPAS ] “3 
” ay AGW 
grt. Yw7iGak 


re ee eee 


a te of €8. OE Ou 
pov <FoaTOW Tut eo 
es a | 7A e 


Ages. Smee 


SERIES ULN-2800A 


HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 


PMOS 
OUTPUT 


OFF VOLTAGE BIAS FOR 
HIGH-VOLTAGE LOADS 


ULN-2804A 


CMOS = 
OUTPUT 


Dw. WO. 4-10, SI 


BUFFER FOR HIGHER CURRENT LOADS 


ULN-2803/05A 


Rall 
= 
5 


OWG. MO. & 10. 382 


TTL 
OUTPUT 


TTL TO LOAD 


ULN-2813A 


Tle 
OUTPUT 


USE OF PULL-UP RESISTORS 
TO INCREASE DRIVE CURRENT 
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SERIES ULN-Z8UUA 
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS 


qo EEE ee ee a a a EE 


TYPICAL DISPLAY INTERFACE 


+V6 


DIGIT DRIVER, 
1/2 ULN-2061M or 


1/4 ULN-2074/76B or 


1/8 UDN-2981/82A 


7-SEGMENT DISPLAY 
WITH DECIMAL POINT, 
COMMON-ANODE LED or 
HOT-WIRE, READOUT 


TO OTHER 
DIGITS 


SEGMENT DRIVER, 
SERIES ULN=2800A or 
SERIES ULN-2810A 
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SERIES ULS-2800H AND ULS-2800R 
HIGH-VOLTAGE, HIGH-CURRENT 
DARLINGTON TRANSISTOR ARRAYS 


FEATURES 


@ TTL, DIL, PMOS, or CMOS Compatible Inputs 
@ Peak Output Current to 600 mA 

@ Transient Protected Outputs 

@ Side-Brazed Hermetic Package, or 

@ Cer-DIP Package 

@ High-Reliability Screening Available 

@ Wide Operating Temperature Ranges 


IDE tliags for interfacing between low-level 

logic circuitry and high-power loads, the Series 
ULS-2800H and ULS-2800R arrays consist of eight 
silicon NPN Darlington power drivers on a common 
monolithic substrate. The choice of five input char- 
acteristics, two output voltage ratings (50 or 95 V), 
two output current ratings (S00 or 600 mA), and two 
package styles (suffix ‘H’ or ‘R’) allow the circuit 
designer to select the optimum device for any. spe- 
cific application. 


Both hermetically sealed package styles are rated 
_ for operation over the temperature range of — 55°C 
to + 125°C, recommending them for military and 
aerospace applications or commercial and industrial 
applications where severe environmental conditions 
may be encountered. 


The appropriate specific part number for use in 
Standard logic applications can be determined from 
the Device Type Number Designation chart. Note 
that the high-voltage devices (BV cz = 95 V) are 
available ‘in the Series ULS-2800H only. All units 
feature pen collector outputs and integral diodes 
for inductive load transient suppression. 
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All Series ULS-2800H Darlington power dives 
are furnished in an 18-pin side-brazed dual in-lese 
hermetic package that meets the processing and o 
vironmental requirements of Military Standasé 
MIL-STD-883, Methods 5004 and 5005. ze 


Device Type Number Designation 


950 4. 


Veena = 50V 50V a 
ly = 500 mA 600 mA 500. mA 
Type Number a 
en 
General-Purpose ULS-2801R ULS-2811R es 
PMOS,CMOS —‘ULS-2801H —-ULS-2811H _ULS-28238 : 
14-25 V ULS-2802R _-ULS-2812R one 
PMOS ULS-2802H _ULS-2812H__ULS-282 ns 
5V ULS-2803R —-ULS-2813R- 
TIL, CMOS ULS-2803H _ULS-2813H us: 2625 
6-15 V ULS-2804R —_-ULS-2814R pn: 
CMOS,PMOS —_-ULS-2804H —ULS-2814H _-U 2 
High-Output -ULS-2805R _ULS-2815R ee 


TIL ULS-2805H ULS-2815H —_ULS-2Pnra: 
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ULN2801A 
ULN2802A ULN2803A 
ULN2804A ULN2805A 


EIGHT DARLINGTON ARRAYS 


se EIGHT DARLINGTONS WITH COMMON EMIT- 
TERS 

a OUTPUT CURRENT TO 500 mA 

a OUTPUT VOLTAGE TO 50 V 

a INTEGRAL SUPPRESSION DIODES 

a» VERSIONS FOR ALL POPULAR LOGIC FAMI- 
LIES 

a» OUTPUT CAN BE PARALLELED 

a INPUTS PINNED OPPOSITE OUTPUTS TO 
SIMPLIFY BOARD LAYOUT 


DESCRIPTION 


The ULN2801A-ULN2805A each contain eight dar- 
lington transistors with common emitters and inte- 
gral suppression diodes for inductive loads. Each 
darlington features a peak load current rating of 600 
mA (500 mA continuous) and can withstand at least 
50 V in the off state. Outputs may be paralleled for 
higher current capability. 


Five versions are available to simplify interfacing to 
standard logic families : the ULN2801A is designed 
for general purpose applications with a current limit 
resistor ; the ULN2802A has a 10.5 KQ input resis- 
tor and zener for 14-25 V PMOS ; the ULN2803A 
has a 2.7 KQ input resistor for5 V TTL and CMOS ; 


CONNECTION DIAGRAM (top view) _ 


the ULN2804A has a 10.5 KQ input resistor for 6-15 
V CMOS and the ULN2805A is designed to sink a 
minimum of 350 mA for standard and Schottky TTL 
where higher output current is required. 


All types are supplied in a 18-lead plastic DIP with 
a copper lead from and feature the convenient in- 
put-opposite-output pinout to simplify board layout. 


DIP-18 
(Plastic) 


September 1988 
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ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Input Voltage for ULN2802A, 2803A, 2804A 


for ULN2805A 


Power Dissipation (one Darlington pair) 1.0 W 
(total package) 225 | W 


Operating Ambient Temperature Range — 20 to 85 Sie 
Storage Temperature Range = 50 L000 4g 
SCHEMATIC DIAGRAM AND ORDER CODES 
For ULN2801A (each driver for PMOS-CMOS) For ULN2802A (each driver for 14-15 V PMOS) 
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ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 


THER 


MAL DATA 


[Ren = Thermal Resistance Junction-ambient 


Max. 


55 | ecw | 


ELECTRICAL CHARACTERISTICS (Tams = 25 °C unless otherwise specified) 


Symbol Parameter Test Conditions Min. | Typ. | Max Unit | Fig. 
Icex | Output Leakage Current Voce = 50 V | 50 LA 1a | 
Tamp =70°C =9Vce = 50 V | 100 | pA Ja 
Tamb =70 C | 
for ULN2802A | | 
Vee =50V Vi=6V | 500 | nA | 1b | 
for ULN2804A , 
Vee =50V Vie1V | 500 | yA 1b 
Voce (sat) | Collector-emitter Ic = 100 mA lg =250 nA O:9° simles V | 
Saturation Voltage Ic =200 mA lp = 350 vA ial 1S VO te 
lc = 350 mA lg = 500 vA {43 Ps Ibe JV 
lion) | Input Current for ULN2802A V,=17V | 0.82 | 1.25 | ma | 
for ULN2803A V, =3.85 V OS A iksS mA | 
for ULN2804A V,=5V OS 1) One AMUN HT 3 
Vi=12V 1 | 1.45 | mA 
for ULN2805A V,;=3V a leO tet mA 
i = |S 
| lofty | Input Current Tamb-= 70°C “les 500 uA BOP NES | pA es 
Vion) | Input Voltage for ULN2802A ) | | 
Voce =2V lc = 300 mA imate V 
for ULN2803A | 
Vce =2V I¢ = 200 mA ead \/ 
Ven 2V. I¢ = 250 mA af) oN 
Voce =2V I¢ = 300 mA 3 Vie 
for ULN2804A | 185 
Voce =2V 1ee leben | 5 V | 
Vee =2V Ic = 200 mA | 6 V 
Voce =2V lc = 275 mA , ay V 
Vee =2V Io = 350 mA 8 V 
for ULN2805A 
Voce =2V Ic = 350 mA | 2.4 V | 
a ai ta + | 
hee DC Forward Current Gain for ULN2801A 
Voce =2V I¢ = 350 mA 1000 | ets aac elapse | 
C, Input Capacitance 7 | 1S, 25 re pF ~ 
teLy Turn-on Delay Time 0:5: V7, fovO:5aVe OFS at us - 
teu Turn-off Delay Time OLS Visto 0-5 Ve 0.25 1 Ls - 
Clamp Diode Leakage Va =50 V 50 uA 6 
Current Tamb = 70°C Ve =00 Vi 100 uA 
iD 
Clamp Diode Forward Ip =350 mA ig 2 V 7 
Voltage 
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ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A | 


TEST CIRCUITS 
Figure 1a. Figure 1b. 


OPEN Nce 


OPEN 


Figure 2. Figure 3. 

| 

| 

Vv, 
Figure 4. Figure 5. 
Figure 6. | Figure 7. 
Vo 1 
O} 
OPEN A 

| D 

| 

| 

S$ -$727 Rei: 
= 7 SGS-THOMSON 
T/ icrozzcraouics 


972 


Ae se SU-ASNBSH JU- 14 
bhi we we ty bes’ .7) ts 


“A? or ne | +, - 


tae 


ULN2801 A-ULN2802A-ULN2803A-ULN2804A-ULN2g805A 


Figure 8 : Collector Current as a Function of 
Saturation Voltage. 
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Figure 10 : Allowable Average Power Dissipation 


as a Function of Ambient Temperature. 
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Figure 12 : Peak Collector Current as a Function 
of Duty. 
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Figure 9 : Collector Current as a Function of 
Input Current. 
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Figure 11 : Peak Collector Current as a Function 
of Duty Cycle. 
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Figure 13 : Input Current as a Function of Input 
Voltage (for ULN2802A). 
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ULN2801A-ULN2802A-ULN2803A-ULN2804A-ULN2805A 


Figure 14 : Input Current as a Function of Input Figure 15 : Input Current as a Function of Input 
Voltage (for ULN2804A) Voltage (for ULN2803A) 
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Figure 16 : Input Current as a Function of Input 
Voltage (for ULN2805A) 
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HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


SERIES UDN- 2980A 
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS 


FEATURES 
© TTL, DTL, PMOS, or CMOS Compatible input 
© 500 mA Output Source Current Capability 
© Transient-Protected Outputs a 
e Output Breakdown Voltage to 80 V . 


eee for applications requiring sep- 

arate logic and load grounds, load supply volt- 
age to +80 V, and load currents to 500 mA, Series 
UDN-2980A source drivers are used as interfaces 
between standard low-power digital logic and relays, 
solenoids, stepping motors, and LEDs. 


Under normal operating conditions, these devices 
will sustain 120 mA continuously for each of the 
eight outputs at an ambient temperature of +50°C 
and a supply of +15 V. All devices in this series 
incorporate input current limiting resistors and out- 
put transient suppression diodes. 


Type UDN-2981A and UDN-2983A drivers are 
for use with +5 V logic systems — TTL, Schottky 
TTL, DTL, and5 V CMOS. Type UDN-2982A and 
UDN-2984A drivers are intended for MOS interface 


(PMOS and CMOS) operating from supply voltages 
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of 6 to 16 V. Types UDN-2981A and UDN-2982A 
will sustain a maximum output OFF voltage of 
+50 V, while Types UDN-2983A and UDN-2984A 
will sustain an output voltage of +80 V. In all cases, 
the output is switched ON by an active high input 
level. 


Series UDN-2980A high-voltage, high-current 
source drivers are supplied in 18-lead dual in-line 
packages. On special order, hermetically-sealed ver- 
sions of these devices (with reduced package power 
dissipation capability) can also be furnished. 
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